九州北東部におけるアマゴの保全に関する研究 by Kimoto, Keisuke
༤ኈㄽᩥ
஑ᕞ໭ᮾ㒊࡟࠾ࡅࡿ࢔࣐ࢦࡢಖ඲࡟㛵ࡍࡿ◊✲
ᖹᡂ 27ᖺ 9᭶
ᗈᓥ኱Ꮫ኱Ꮫ㝔⏕≀ᅪ⛉Ꮫ◊✲⛉
⏕≀㈨※⛉Ꮫᑓᨷ
ᮌᮏᆂ㍜
┠ ḟ
➨ 1❶ ⥴ゝ 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 1
➨ 2❶ ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬ 㺃㺃㺃㺃㺃㺃㺃  8
➨ 3❶ ࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ 㺃㺃㺃㺃㺃㺃㺃㺃㺃 28
➨ 4❶ ࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝ 㺃㺃㺃㺃㺃 50
➨ 5❶ ࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀 㺃㺃㺃㺃㺃㺃㺃㺃㺃 74
➨ 6❶ ⥲ྜ⪃ᐹ 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 91
せ⣙ 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 102
ㅰ㎡ 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 106
ᘬ⏝ᩥ⊩ 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 107
1➨ 1❶ ⥴ゝ
 ࢔࣐ࢦ Oncorhynchus masou ishikawae㸦Figs. 1-1, 1-2㸧ࡣࢧࢣ⛉࡟ᒓࡍࡿ᪥ᮏ
ᅛ᭷ࡢள✀࡛࠶ࡾ㸪⚄ዉᕝ┴௨すࡢᮏᕞኴᖹὒᓊ㸪ᅄᅜ඲ᇦ㸪஑ᕞࡢ℩ᡞෆᾏ
ὶධἙᕝ࡟⮬↛ศᕸࡍࡿ㸦኱ᓥ㸪1957㸧㸬ᮏள✀ࡣ㐳Ἑᅇ㐟㨶࡛࠶ࡾ㸪ᮏᕞ࡟ࡣ
㝆ᾏᆺಶయ⩌࡛࠶ࡿࢧࢶ࣐࢟ࢫࡀࡳࡽࢀࡿࡀ㸦୰㔝࡯࠿㸪1993㸧㸪ศᕸ༡㝈ᇦ࡛
࠶ࡿ஑ᕞ࡟ࡣἙᕝෆ࡛⏕άྐࢆ᏶⤖ࡍࡿἙᕝᆺಶయ⩌ࡔࡅࡀ⏕ᜥࡍࡿ㸦Kimura, 
1989㸹๓ᕝ࣭୰㔝㸪1994㸧㸬୍᪉㸪࢔࣐ࢦࡀ⏕ᜥࡋ࡞࠸໭ᾏ㐨࠿ࡽ஑ᕞ࡟⮳ࡿᅜ
ෆࡢᗈ࠸⠊ᅖ࡟ࡣ㸪ᇶள✀࡛࠶ࡿࢧࢡ࣐ࣛࢫ㸦Ἑᕝᆺࡣ࣐࣓ࣖ㸧Oncorhynchus
masou masouࡀ⏕ᜥࡍࡿ㸦኱ᓥ㸪1957㸧㸬㏆ᖺ㸪࢔࣐ࢦࡣ௚ࡢἙᕝᛶࢧࢣ⛉㨶㢮
࡜ྠᵝ࡟㸪◁㜵ࢲ࣒ࡢタ⨨㸪Ἑ␁ᯘࡢఆ᥇㸪Ỉ㉁ởᰁ➼࡟ࡼࡿ⏕ᜥ⎔ቃࡢᝏ໬
㸦๓ᕝ㸪2000㸹㧗ᶫ㸪2000㸹Yoshimura et al., 2005㸧㸪⁺ᴗ࣭㐟⁺࡟ࡼࡿ஘⋓➼
࡟ࡼࡾῶᑡࡋ࡚࠸ࡿ㸦୰㔝࡯࠿㸪1993㸹୰ᮧ㸪2009㸧㸬
 ࢔࣐ࢦࡣ㣗ᮦ࡜ࡋ࡚ࡢ౯್ࡸ⨾ࡋ࠸ጼែࡢࡓࡵ࡟⁺ᴗ࣭㐟⁺࡟࠾ࡅࡿ฼⏝౯
್ࡀ㧗ࡃ㸦Kimura, 1989㸧㸪ከࡃࡢ⏕ᜥἙᕝ࡟࠾࠸࡚ෆỈ㠃⁺ᴗ༠ྠ⤌ྜࡢ⁺ᴗ
ᶒᑐ㇟㨶✀࡟࡞ࡗ࡚࠸ࡿ㸦㣤⏣࣭୰ᮧ㸪2009㸧㸬௚᪉㸪ෆỈ㠃ࡢỈ⏘ື≀ࡢ㈨※
㔞ࡣᾏ㠃࡟ẚ࡭࡚ᑡ࡞ࡃ㸪஘⋓࡟ࡼࡗ࡚ᐜ᫆࡟ᯤῬࡍࡿࡓࡵ㸪⁺ᴗἲ࡛ࡣ⁺ᴗ
ᶒࡢචチࢆཷࡅࡓෆỈ㠃⁺ᴗ༠ྠ⤌ྜ࡟ᑐࡋ࡚㸪⁺ᴗᶒ㨶✀ࢆ✚ᴟⓗ࡟ቑṪࡍ
ࡿ⩏ົࢆㄢࡋ࡚࠸ࡿ㸦㣤⏣࣭୰ᮧ㸪2009㸧㸬࢔࣐ࢦࢆྵࡴᅾ᮶ࢧࢣ⛉㨶㢮࡛ࡣ㸪
✀ⱑ⏕⏘ᢏ⾡ࡀ☜❧ࡉࢀࡓ 1970ᖺ௦௨㝆㸪࠾ࡶ࡟㣴Ṫ㨶ࡢᨺὶ࡟ࡼࡗ࡚ቑṪ⩏
ົࡀᒚ⾜ࡉࢀ㸪㈨※ࡢ⥔ᣢ࣭ቑṪ࡟ຠᯝࢆୖࡆ࡚ࡁࡓ㸦❧ᕝ࣭ᮏⲮ㸪1976㸧㸬
 ୍᪉㸪ࢧࢣ⛉㨶㢮࡛ࡣᵝࠎ࡞ᙧ㉁࡟㛵ࡋ࡚ᒁᡤ㐺ᛂࡢᏑᅾࡀሗ࿌ࡉࢀ࡚࠾ࡾ
㸦Taylor, 1991㸹Garcia de Leaniz et al., 2007㸹Kikko et al., 2008㸹Fraser et al., 2011㸹
Primmer, 2011㸹Drinan et al., 2012㸧㸪ᨺὶࡉࢀࡓ㣴Ṫ㨶ࡣ㸪㔝⏕ಶయ⩌ࡢ୰࡟㐺
ᛂⓗ࡛࡞࠸㑇ఏᏊࢆὶධࡉࡏ㸪␗⣔஺㓄ᙅໃࡸᒁᡤ㐺ᛂࡢᔂቯࢆࡶࡓࡽࡍྍ⬟
ᛶࡀᣦ᦬ࡉࢀ࡚࠸ࡿ㸦Miller et al., 2004㸹Garcia de Leaniz et al., 2007㸹Tymchuk et 
al., 2007㸧㸬㣴Ṫ㨶ࡢᨺὶࡀ㛗ᮇ࡟ࢃࡓࡾ඲ᅜⓗつᶍ࡛ᐇ᪋ࡉࢀࡓ⤖ᯝ㸪⌧ᅾ࡛
ࡣ㸪࢔࣐ࢦࢆྵࡴᅜෆࡢἙᕝᛶࢧࢣ⛉㨶㢮ࡢᅾ᮶ಶయ⩌㸦ᨺὶࡉࢀࡓ㣴Ṫ㨶࡜
2஺㓄ࡋ࡚࠸࡞࠸ᆅ௜ࡁࡢಶయ⩌㸧ࡣ⤯⁛ࡢ༴ᶵ࡟࠶ࡾ㸪⮬↛⁪ࡸࢲ࣒࡛㝸㞳ࡉ
ࢀࡓἙᕝ※ὶ㒊ࡔࡅ࡟ṧᏑࡍࡿ㸦Kawamura et al., 2007㸹Kubota et al., 2007㸹Sato 
et al., 2010㸧㸬ࡲࡓ㸪እ㒊ᙧែࡀ㢮ఝࡍࡿ࢔࣐ࢦ࡜࣐࣓࡛ࣖࡣ㸪⮬↛ศᕸᇦࡀ༑
ศ࡟⪃៖ࡉࢀࡎ࡟ᨺὶࡀ⾜ࢃࢀࡓࡓࡵ㸪⌧ᅾ࡛ࡣ୧ள✀ࡢศᕸࡀⴭࡋࡃ஘ࢀ࡚
࠸ࡿ㸦Kimura, 1989㸹୰㔝࡯࠿㸪1993㸧㸬ࡉࡽ࡟㸪ᨺὶࡉࢀࡓ㣴Ṫ㨶ࡣ㸪➇தࢆ
㏻ࡌ࡚㔝⏕ࡢࢧࢣ⛉㨶㢮ࡢᡂ㛗࣭⏕ṧࢆపୗࡉࡏࡿ㸦Nakamura and Doi, 2014㸧㸬
ࡇࡢࡼ࠺࡟㣴Ṫ㨶ࡢᨺὶࡣ㸪࢔࣐ࢦࢆྵࡴ㔝⏕ࡢἙᕝᛶࢧࢣ⛉㨶㢮ࡢᏑ⥆࡟ᝏ
ᙳ㡪ࢆ୚࠼ࡿྍ⬟ᛶࡀ᫂ࡽ࠿࡟࡞ࡗ࡚ࡁࡓࡇ࡜࠿ࡽ㸪㛗ᮇⓗ࡞ಶయ⩌ࡢ⥔ᣢࡢ
ࡓࡵ࡟ࡣᐇ᪋ࡍ࡭ࡁ࡛࡞࠸࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ㸪ෆỈ㠃㈨※ࡢ⬤ᙅᛶࢆ⪃៖
ࡍࡿ࡜㸪⁺ᴗ࣭㐟⁺࡟ࡼࡿ▷ᮇⓗ࡞฼⏝ࡢࡓࡵ࡟ࡣᨺὶࡀᚲせ࡛࠶ࡿ㸬
 ㏆ᖺ㸪Ἑᕝᛶࢧࢣ⛉㨶㢮ࡢಖ඲࡜฼⏝ࡢ୧❧ࢆᅗࡿࡓࡵࡢ᪉ἲ࡜ࡋ࡚㸪ࢰ࣮
ࢽࣥࢢ࡟ࡼࡿ⁺ሙ⟶⌮ࡀὀ┠ࡉࢀ࡚࠸ࡿ㸦ຍ⸨㸪1990㸹ᒣᮏ㸪1991㸹ᮌᮧ㸪2004㸹
୰ᮧ㸪2009㸧㸬ࢰ࣮ࢽࣥࢢ࡜ࡣ㸪ᅾ᮶ಶయ⩌ࡢ⏕ᜥỈᇦ࡜⮬↛෌⏕⏘ࡢᐇែ࡟ᇶ
࡙࠸࡚Ἑᕝࢆ༊ศࡋ㸪ࡑࢀࡒࢀࡢỈᇦࡢ⮬↛᮲௳࡜♫఍᮲௳࡟ྜࢃࡏ࡚ᨺὶ࡜
⁺ᴗ࣭ 㐟⁺⟶⌮ᡭἲࢆ౑࠸ศࡅࡿ࡜࠸࠺⪃࠼᪉࡛࠶ࡿ㸦୰ᮧ㸪2009㸧㸬ᮏ◊✲ࡣ㸪
ࢰ࣮ࢽࣥࢢ⟶⌮ࢆ⌧ሙ࡟ᑟධࡍࡿ♫఍ᐇ㦂࡜ࡋ࡚Ỉ⏘ᗇ᱂ᇵ㣴Ṫㄢࡀ 2003–
2007ᖺᗘ࡟ᐇ᪋ࡋࡓࠕ೺඲࡞ෆỈ㠃⏕ែ⣔᚟ඖ᥎㐍ጤク஦ᴗࠖࡢ࠺ࡕࠕ῱ὶᇦ
⟶⌮యไᵓ⠏஦ᴗࠖࢆ኱ศ┴ࡀཷクࡋ㸪ᙜ᫬ࡢ኱ศ┴ᾏὒỈ⏘◊✲ࢭࣥࢱ࣮ෆ
Ỉ㠃◊✲ᡤ㸦2003–2004 ᖺᗘ㸧࡜኱ศ┴㎰ᯘỈ⏘◊✲ࢭࣥࢱ࣮Ỉ⏘ヨ㦂ሙෆỈ
㠃◊✲ᡤ㸦2005–2007ᖺᗘ㸧࡟ᡤᒓࡋ࡚࠸ࡓ➹⪅ࡽࡀᐇ᪋ࡋࡓࡶࡢ࡛࠶ࡿ㸬
 ᮏ◊✲࡟ඛ❧ࡕ㸪኱ศ┴ෆࡢෆỈ㠃⁺ᴗ༠ྠ⤌ྜࢆᑐ㇟࡟࢔ࣥࢣ࣮ࢺࢆ⾜࠸㸪
ᅾ᮶࢔࣐ࢦಶయ⩌ࡢᏑྰࢆᑜࡡࡓ࡜ࡇࢁ㸪၏୍㸪኱㔝ᕝỈ⣔ࡢ୍ᨭὶ࡛࠶ࡿ⚄
ཎᕝࡢ※ὶ㒊࡟⏕ᜥࡍࡿྍ⬟ᛶࡀ♧ࡉࢀࡓ㸦ᚨගಇ஧㹙኱ศ┴ᾏὒỈ⏘◊✲ࢭ
ࣥࢱ࣮ෆỈ㠃◊✲ᡤ㹛㸪ᮍⓎ⾲㸪1999ᖺ㸧㸬኱㔝ᕝỈ⣔ࡣ஑ᕞ࡟࠾ࡅࡿ࢔࣐ࢦࡢ
⮬↛ศᕸᇦࡢ༡㝈࡛࠶ࡾ㸦኱ᓥ㸪1957㸧㸪ࡑࡢ※ࢆ㜿⸽እ㍯ᒣ࠾ࡼࡧஂఫᒣ࡟Ⓨ
ࡋ㸪኱ศ┴ࡢ୰ኸ㒊ࢆ໭ὶࡋ࡚℩ᡞෆᾏ㸦ูᗓ‴㸧࡟ὀࡄ㸪ὶ㊰ᘏ㛗 128 km㸪
ὶᇦ㠃✚ 1,455 km2㸪ᖹᆒὶ㔞 300୓ t/᪥ࡢ┴ෆ᭱኱ࡢἙᕝ࡛࠶ࡿ㸦ᚿ㈡࣭ ᕝ㔝㸪
1977㸧㸬ᮏỈ⣔࡟ᒓࡍࡿ⚄ཎᕝࡣ㸪኱ศ┴㸪ᐑᓮ┴㸪⇃ᮏ┴ࡢ┴ቃ࡟఩⨨ࡍࡿ♽
3ẕᒣ㸦ᶆ㧗 1,756 m㸧ࡢ໭ᩳ㠃࡟Ⓨࡋ㸪⣙ 5 kmୗὶ࡛♽ẕᒣࡢ໭ᮾᩳ㠃࡟Ỉ※
ࢆࡶࡘἼᮌྜᕝ࡜ྜὶࡋࡓࡢࡕ㸪⣙ 5 km໭ὶࡋ࡚⥴᪉ᕝ࡟ྜὶࡍࡿ㸦Fig. 1-3㸧㸬
⥴᪉ᕝࡣ➉⏣ᕷࢆ໭ᮾ᪉ྥ࡟ὶࢀ㸪⣙ 7 kmୗὶ࡛ᨭὶ༑ゅᕝ࡜ྜὶࡋࡓࡢࡕ㸪
ᮾὶࡋ࡚Ἑཱྀ࠿ࡽ 52 kmᆅⅬࡢ኱㔝ᕝ࡟ྜὶࡍࡿ㸬⚄ཎᕝ࡜⥴᪉ᕝ࡛ࡣ㸪ᅾ᮶
ࢧࢣ⛉㨶㢮ࡢ✀ⱑ⏕⏘ᢏ⾡ࡢ☜❧௨๓࠿ࡽ࢔࣐ࢦࡢ⮬↛ศᕸࡀ☜ㄆࡉࢀ࡚࠸ࡿ
㸦ᮌᮧ㸪1959㸧㸬㞄᥋ᨭὶࡢἼᮌྜᕝ※ὶ㒊㸦࣓ࣥࣀࢶࣛ㇂㸧࡟ࡣ㸪࢔࣐ࢦࡢ↓
ᩬᆺ࡛࠶ࡿ࢖࣓࣡㸦Fig. 1-1㸧ࡀ⏕ᜥࡋ࡚࠸ࡿ㸦Kimura and Nakamura, 1961㸧㸬
 ᮏ◊✲࡛ࡣ㸪⚄ཎᕝ࡜⥴᪉ᕝࡢ࢔࣐ࢦ⏕ᜥᇦ඲యࢆ⥙⨶ࡍࡿࡓࡵ㸪Ἑཱྀ࠿ࡽ
70 kmᆅⅬ࡜࡞ࡿ༑ゅᕝ࡜ࡢྜὶⅬ࠿ࡽ⚄ཎᕝ࡜ࡢྜὶⅬࡲ࡛ࡢ⥴᪉ᕝ㸪⥴᪉
ᕝ࡜ࡢྜὶⅬ࠿ࡽ㨶㢮⏕ᜥୖ㝈㸦ᮌᮧ㸪1959㸹ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧࡛࠶ࡿ஬ྜ
┠⁪㸦ⴠᕪ 11 m㸧ࡲ࡛ࡢ⚄ཎᕝ㸪࠾ࡼࡧᨭὶἼᮌྜᕝࡢ୍㒊༊㛫ࢆㄪᰝᑐ㇟Ỉ
ᇦ࡜ࡋࡓ㸦Fig. 1-3㸧㸬ᮏㄪᰝỈᇦࡣἙᕝ※ὶ㒊࠿ࡽᡪ≧ᆅ࡟ཬࡪࡓࡵ㸦ὶ⛬㛗
⣙ 16.4 km㸧㸪ࡑࡢᬒほࡣὶ⛬࡟ἢࡗ࡚኱ࡁ࡞ኚ໬ࢆ♧ࡍ㸦㧗ᶫ࣭ኴ⏣㸪2000㸹
ⴛሙ㸪2013㸧㸬ୗὶ➃ࡢᶆ㧗ࡣ⣙ 230 m࡛㸪࿘㎶ࡢἙᗋ໙㓄ࡣ 1%๓ᚋ㸪Ἑᕝᙧ
ែᆺ㸦ྍඣ㸪1978㸧ࡣ Bb ᆺࢆ♧ࡋ㸪୧ᓊࡣ㛤ࡅ࡚Ỉ⏣࡟฼⏝ࡉࢀ࡚࠸ࡿ㸬⥴
᪉ᕝࡢἢᓊ࡟ࡣ‪Ỉ⩌ࡀⅬᅾࡋ㸪ㄪᰝỈᇦୗὶഃࡢỈ ࡟ᙳ㡪ࢆ୚࠼࡚࠸ࡿ㸬
⥴᪉ᕝ࡜ࡢྜὶⅬࡼࡾୖὶࡢ⚄ཎᕝὶᇦࡣࠕ⚄ཎ῱㇂ࠖ࡜࿧ࡤࢀ㸪Ἑᕝᙧែᆺ
ࡣ Aa-Bb⛣⾜ᆺࢆ♧ࡋ㸪୧ᓊࡀ㏕ࡗ࡚῱㇂ࡢᵝ┦ࢆ࿊ࡍࡿ㸬⚄ཎᕝ࡜Ἴᮌྜᕝ
ࡢྜὶⅬࡢᶆ㧗ࡣ⣙ 400 m࡛㸪ࡇࢀࡼࡾୖὶ࡛ࡣἙᗋ໙㓄ࡀ኱ࡁࡃ㸪Ἑᕝᙧែ
ᆺࡀ Aa ᆺࢆ♧ࡍ඾ᆺⓗ࡞ᒣᆅ῱ὶ࡜࡞ࡿ㸬ࡇࡢỈᇦ࡟ࡣ⮬↛⁪ࡀぢࡽࢀࡿ࡯
࠿㸪ሙᡤ࡟ࡼࡗ࡚ࡣከᩘࡢ◁㜵ࢲ࣒➼ࡀタ⨨ࡉࢀ࡚࠸ࡿ㸬ୖ ὶ➃ࡢᶆ㧗ࡣ⣙ 820 
m㸪௜㏆ࡢἙᗋ໙㓄ࡣ⣙ 20%࡛࠶ࡿ㸬➹⪅ࡽࡣ㸪ᮏㄪᰝỈᇦ࡟ࢰ࣮ࢽࣥࢢ⟶⌮
ࢆᑟධࡍࡿࡓࡵ࡟ᅾ᮶࢔࣐ࢦಶయ⩌ࡢ⏕ᜥỈᇦ࡜⮬↛෌⏕⏘ࡢᐇែ➼ࢆㄪ࡭ࡓ㸬
ㄪᰝ⤖ᯝ࡟ᇶ࡙࠸࡚సᡂࡉࢀࡓࢰ࣮ࢽࣥࢢ᱌ࡣ㸪ᆅඖఫẸ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌
ྜ㸪㐟⁺⪅㸪ᆅඖ⾜ᨻ㸦➉⏣ᕷ㸧➼ࢆᵓᡂဨ࡜ࡍࡿጤဨ఍࡛༠㆟ࡉࢀ㸪᭱⤊ⓗ
࡟ᅾ᮶ಶయ⩌ಖ඲ࡢࡓࡵࡢ⚗⁺༊ࡀタ⨨ࡉࢀࡓ㸦ᮌᮏ㸪2008㸧㸬ᮏ༤ኈㄽᩥࡣ㸪
ࢰ࣮ࢽࣥࢢ᱌ࢆసᡂࡍࡿࡓࡵ࡟ᐇ᪋ࡋࡓ」ᩘࡢ◊✲ᡂᯝࢆྲྀࡾ⧳ࡵࡓࡶࡢ࡛࠶
ࡾ㸪ᮏ❶㸦➨ 1❶㸪ᗎㄽ㸧ࢆྵࡴ 6❶࠿ࡽᵓᡂࡉࢀࡿ㸬
4 ᮏㄪᰝỈᇦࡢࡼ࠺࡟㸪※ὶ㒊࠿ࡽᡪ≧ᆅ࡟࠿ࡅ࡚኱ࡁ࡞⎔ቃࡢኚ໬ࡀぢࡽࢀ
ࡿሙᡤ࡛ࡣ㸪ୖὶഃࡢࢧࢣ⛉㨶㢮ࢆ୰ᚰ࡜ࡍࡿ㨶㢮⩌㞟࠿ࡽୗὶഃࡢࢥ࢖⛉㨶
㢮ࢆ୰ᚰ࡜ࡍࡿ⩌㞟࡬ࡢ⛣⾜ࡀ⏕ࡌࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Rahel and Hubert, 
1991㸹Torgersen et al., 2006㸧㸬ࡲࡓ㸪⩌㞟ࡢ⛣⾜ࡀ⏕ࡌࡿỈᇦ㸦⛣⾜ᖏ㸧࡛ࡣ㸪
ᵓᡂ✀ࡀྛࠎࡢศᕸࡢ࿘⦕㒊࡟⏕ᜥࡋ࡚࠸ࡿࡓࡵ㸪⎔ቃᨵኚ࡟ᑐࡍࡿឤཷᛶࡀ
㧗࠸࡜ᣦ᦬ࡉࢀ࡚࠸ࡿ㸦Naiman et al., 1988㸹Aarts and Nienhuis, 2003㸹Lasne et al., 
2007㸧㸬ࢰ࣮ࢽࣥࢢ⟶⌮ࡣ㸪ᑐ㇟㨶✀ࡢ⮬↛෌⏕⏘ࡢᐇែ࡟ᇶ࡙࠸࡚⾜ࢃࢀࡿࡀ
㸦୰ᮧ㸪2009㸧㸪⮬↛෌⏕⏘ࢆྵࡴࢧࢣ⛉㨶㢮ࡢ⏕άྐ඲⯡ࡣ㸪ࡇ࠺ࡋࡓ኱ࡁ࡞
✵㛫ࢫࢣ࣮ࣝࡢ⎔ቃ໙㓄࡟኱ࡁࡃつᐃࡉࢀࡿ࡜⪃࠼ࡽࢀࡿ㸬➨ 2❶㸦ὶ⛬࡟ἢ
ࡗࡓ㨶㢮⩌㞟ࡢኚ໬㸧࡛ࡣ㸪⏕ᜥᇦ඲య࡟ࢃࡓࡿ࢔࣐ࢦࡢὶ⛬ศᕸࡢ≉ᚩࢆᢕ
ᥱࡍࡿࡓࡵ㸪ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬࡜⎔ቃኚ㔞࡜ࡢ㛵ಀࢆㄪ࡭ࡓ㸬
 ➨ 3❶㸦࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ㸧࡛ࡣ㸪ᮏㄪᰝỈᇦ࡟࠾ࡅࡿ࢔࣐ࢦࡢ⮬
↛෌⏕⏘ࡢᐇែࢆᢕᥱࡍࡿࡓࡵ㸪඲ὶ⛬ࡢ₯Ỉ┠ど࡟ࡼࡾᾋୖ⛶㨶㸦Fig. 1-2㸧
ࡢὶ⛬ศᕸࢆㄪ࡭ࡓ㸬ࡲࡓ㸪࢔࣐ࢦᾋୖ⛶㨶࡜ᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศᕸࢆ
ẚ㍑ࡋ㸪୧⪅ࡢ㛵ಀ࡟ᇶ࡙࠸࡚ᾋୖ⛶㨶ࡢ⛣ືᵝᘧ࡟ࡘ࠸࡚ࡶ⪃ᐹࡋࡓ㸬
 ➨ 4❶㸦࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝㸧࡛ࡣ㸪➨ 3❶࡛⮬↛෌⏕⏘ࡀపㄪ
࡜᥎ᐃࡉࢀࡓୗὶഃỈᇦ࡛㸪⮬↛෌⏕⏘ࡸቑṪࢆಁ㐍ࡍࡿࡓࡵࡢᇶ♏ⓗ▱ぢࢆ
ᚓࡿࡇ࡜ࢆ┠ⓗ࡟㸪ὶ㊰༢఩ࢫࢣ࣮ࣝ㸦Frissell et al., 1986㸧࡟࠾ࡅࡿᾋୖ⛶㨶
ࡢ⏕ᜥሙᡤ฼⏝ࢆㄪ࡭ࡓ㸬ᮏ❶ࡣࢰ࣮ࢽࣥࢢᑟධᚋࡢᑐ⟇࡜ࡋ࡚ᐇ᪋ࡋࡓ㸬
➨ 5❶㸦࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀㸧࡛ࡣ㸪ᅾ᮶࢔࣐ࢦಶయ⩌ࡢ⏕ᜥỈᇦࢆ
≉ᐃࡍࡿࡓࡵ㸪⁺ᴗ༠ྠ⤌ྜ࡬ࡢ࢔ࣥࢣ࣮ࢺㄪᰝ࡛ᣦ᦬ࡉࢀࡓ⚄ཎᕝ※ὶ㒊ࡢ
࢔࣐ࢦಶయ⩌࡟ຍ࠼㸪㞄᥋ᨭὶἼᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌࠾ࡼࡧ
Ἴᮌྜᕝࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀ࢆmtDNA࡟ࡼࡾゎᯒࡋࡓ㸬
 ➨ 6❶ࡣ⥲ྜ⪃ᐹ࡜ࡋ࡚㸪ྛ❶ࡢෆᐜࢆ஑ᕞ໭ᮾ㒊࡟࠾ࡅࡿ࢔࣐ࢦࡢಖ඲࡜
࠸࠺┠ⓗ࡟ἢࡗ࡚ᨵࡵ࡚ホ౯㸪ゎ㔘ࡍࡿ࡜࡜ࡶ࡟㸪ྛ❶࡛ಶู࡟ᚓࡽࢀࡓ⤖ᯝ
ࡢ㛵㐃ᛶࢆ᳨ウࡋ㸪ᮏㄪᰝỈᇦ࡟࠾ࡅࡿ࢔࣐ࢦಖ඲⟇ࡢ඲యീࢆᑟฟࡋࡓ㸬
 ࡞࠾㸪ᮏㄽᩥࡢෆᐜࡢ୍㒊ࡣ㸪ᮌᮏ࡯࠿㸦2013㸪2015㸪༳ๅ୰㸧࠾ࡼࡧ Kimoto 
et al.㸦༳ๅ୰㸧࡟ࡼࡗ࡚Ꮫ⾡㞧ㄅ࡟ࡍ࡛࡟බหࡉࢀ࡚࠸ࡿ㸬
5Fig. 1-1. Two fluvial forms of the red-spotted masu salmon (Oncorhynchus masou
ishikawae), amago (top; 142 mm in fork length) and iwame (bottom; 179 mm in fork 
length), captured by bait fishing from the uppermost location of the Kohbaru Stream in 
September 2007 and the Mennotsura-dani of the Hakiai Stream in February 2008, 
respectively. 
6Fig. 1-2. Newly emerged fry of amago captured by dip nets from the Kohbaru Stream 
in March 2004 (top; 25.9 mm in fork length) and photographed underwater in February 
2006 (middle) and 2007 (bottom), respectively.
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Fig. 1-3. Map and landscapes of the Ogata River and its tributaries, the Kohbaru and 
the Hakiai streams, northeastern Kyushu Island, Japan.
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8➨ 2❶ ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬
Ἑᕝୖὶᇦࢆྵࡴὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬࡟ࡘ࠸࡚ࡣከࡃࡢ◊✲ࡀ࠶ࡾ
㸦౛࠼ࡤ Rahel and Hubert, 1991㸹Aarts and Nienhuis, 2003㸹Torgersen et al., 2006㸹
Lasne et al., 2007㸹Mercado-Silva et al., 2012㸧㸪࠸ࡎࢀࡶୖὶഃࡢࢧࢣ⛉㨶㢮ࢆ୰
ᚰ࡜ࡍࡿ⩌㞟࠿ࡽୗὶഃࡢࢥ࢖⛉㨶㢮➼ࢆ୰ᚰ࡜ࡍࡿ⩌㞟࡬ࡢ⛣⾜㸦transition㸧
ࢆሗ࿌ࡋ࡚࠸ࡿ㸬㨶㢮⩌㞟ࡢ⛣⾜ࡣ㸪Ỉ ࡸᆅᙧ࡜࠸ࡗࡓẚ㍑ⓗ኱ࡁ࡞✵㛫ࢫ
ࢣ࣮ࣝ࡟࠾ࡅࡿ≀⌮⎔ቃࡢኚ໬࡟ᑐᛂࡋ࡚⏕ࡌࡿ㸦Naiman et al., 1988㸹Rahel and 
Hubert, 1991㸹Jackson et al., 2001㸹Torgersen et al., 2006㸧㸬ࡑࡢࡓࡵ㨶㢮⩌㞟ࡢ⛣
⾜ࡣ㸪⎔ቃ໙㓄ࡢ኱ࡁ࡞ᒣᆅἙᕝ࡟࠾ࡅࡿ୍⯡ⓗ࡞⩌㞟ኚ໬ࡢᵝᘧ࡜ࡋ࡚▱ࡽ
ࢀ࡚࠸ࡿ㸦Rahel and Hubert, 1991㸹Torgersen et al., 2006㸧㸬᪥ᮏࡢἙᕝࡣ኱㝣ࡢ
Ἑᕝ࡟ẚ࡭࡚ᛴ໙㓄࡛࠶ࡿࡇ࡜࠿ࡽ㸦Ỉ㔝࣭ᚚໃ㸪2000㸧㸪⩌㞟ࡢ⛣⾜ࡣᅜෆ࡟
࠾࠸࡚ࡶ୍⯡ⓗ࡞⩌㞟ኚ໬ࡢᵝᘧ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬୍᪉㸪Ἑᕝ⎔ቃࡢேⅭ
ᨵኚ࡟ࡼࡗ࡚ὶἣࡀኚ໬ࡍࡿ࡜㸪⩌㞟ᵓᡂ✀ࡢὶ⛬ศᕸࡀኚ໬ࡋ㸪㨶㢮⩌㞟ࡢ
⛣⾜ᵝᘧࡀኻࢃࢀࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸦Aarts and Nienhuis, 2003㸹Lasne et al., 
2007㸧㸬୍ ⯡ⓗ࡟㸪Ἑᕝࡢୖὶᇦ࡜ୗὶᇦ࡛ࡣ✀㛫㛵ಀࡸ⩌㞟ࡢᙧᡂ࣭⥔ᣢᶵᵓ
ࡀ␗࡞ࡗ࡚࠾ࡾ㸦Fagan et al., 1999㸹஭ୖ㸪2013㸧㸪≉࡟ࢧࢣ⛉㨶㢮ࢆ୰ᚰ࡜ࡍ
ࡿ⩌㞟࠿ࡽࢥ࢖⛉㨶㢮➼ࢆ୰ᚰ࡜ࡍࡿ⩌㞟࡬ࡢ⛣⾜ࡀ⏕ࡌࡿỈᇦ㸦⛣⾜ᖏ㸸
transition zone㸪Rahel and Hubert, 1991㸧࡛ࡣ㸪ᵓᡂ✀ࡀྛࠎࡢศᕸࡢ࿘⦕㒊࡟
⏕ᜥࡋ࡚࠸ࡿࡓࡵ㸪⎔ቃᨵኚ࡟ᑐࡍࡿឤཷᛶࡀ㧗࠸࡜ᣦ᦬ࡉࢀ࡚࠸ࡿ㸦Naiman 
et al., 1988㸹Aarts and Nienhuis, 2003㸹Lasne et al., 2007㸧㸬ࡋࡓࡀࡗ࡚㸪ὶ⛬࡟ἢ
ࡗࡓ㨶㢮⩌㞟ࡢኚ໬ࢆㄪ࡭グ㍕䛩䜛䛣䛸䛿㸪௒ᚋࡢேⅭᨵኚࡢᙳ㡪ࢆホ౯ࡍࡿࡓ
ࡵ࡟ࡶ㸦ᾷ࡯࠿㸪2001㸧㸪ᆅᇦࡢ⏕ែ⣔ಖ඲ࡸ≉ᐃ✀ࡢᣢ⥆ⓗ฼⏝㸦∦㔝࡯࠿㸪
2004㸧ࢆᅗࡿࡓࡵ࡟ࡶᙺ❧ࡘ࡜⪃࠼ࡽࢀࡿ㸬
ᮏ◊✲ࡣ㸪࢔࣐ࢦࡀ⮬↛ศᕸ㸦኱ᓥ㸪1957㸧ࡍࡿ஑ᕞ໭ᮾ㒊ࡢἙᕝୖὶᇦ࡟
࠾࠸࡚㸪ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬ᵝᘧࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡟ᐇ᪋ࡋ
ࡓ㸬ࡑࡢࡓࡵ࡟㸪₯Ỉ┠どほᐹ࡟ࡼࡿ㨶㢮⩌㞟ࢹ࣮ࢱࢆ⏝࠸࡚ከኚ㔞ゎᯒ࡟ࡼ
ࡿ⩌㞟ࡢศ㢮࣭ᗎิ໬ࢆ⾜࠺࡜࡜ࡶ࡟㸪ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬࡟ᙳ㡪ࢆ
9୚࠼ࡿ⎔ቃせᅉࢆேⅭᨵኚࡢᙳ㡪࡜࡜ࡶ࡟᥎ᐃ࣭⪃ᐹࡋࡓ㸬
ᮦᩱ࡜᪉ἲ
ㄪᰝሙᡤ࡜ㄪᰝⅬ
ᮏ◊✲࡛ࡣ㸪኱㔝ᕝỈ⣔⥴᪉ᕝ࡜༑ゅᕝࡢྜὶⅬ࠿ࡽ㸪⚄ཎᕝࡢ㨶㢮⏕ᜥୖ
㝈࡛࠶ࡿ஬ྜ┠ࡢ⁪㸦ᮌᮧ㸪1959㸧ࡲ࡛ࡢ⣙ 16.4 kmࡢ⠊ᅖࢆㄪᰝỈᇦ࡜ࡋ㸪
ୗὶ࠿ࡽୖὶ࡟ྥࡅ࡚ 15ࡢㄪᰝⅬ㸦St. 1–15㸧ࢆタࡅࡓ㸦Fig. 2-1㸧㸬ࡇࡢ࠺ࡕ
St. 11ࡣ㸪⚄ཎᕝ࡜ࡢྜὶⅬ࠿ࡽ⣙ 820 mୖὶࡢἼᮌྜᕝ㸦ሖሐࡢ┤ୗ㸧ࡢㄪ
ᰝⅬ࡜ࡋࡓ㸬ྛ ㄪᰝⅬ㛫ࡢ㊥㞳ࡣ 0.7–2.1 km㸦ᖹᆒ್ ± ᶆ‽೫ᕪ = 1.2 ± 0.4 km㸧
࡛㸪ྛㄪᰝⅬࡢὶ㊰㛗ࡣ℩࣭ῡᵓ㐀ࢆᑡ࡞ࡃ࡜ࡶ୍ࡘࡎࡘྵࡴ 42–146 m㸦94 ± 
37 m㸧࡛࠶ࡿ㸬ᮏㄪᰝỈᇦࡢୗὶഃ࠾ࡼࡧỈᇦෆ࡟࠶ࡿ⁪࡜ࢲ࣒㸦ⴠᕪ 1 m௨
ୖࡢࡳᢤ⢋㸧ࡢ఩⨨࡜≉ᚩࢆ Fig. 2-1࡜ Table 2-1࡟♧ࡋࡓ㸬ᮏㄪᰝỈᇦࡢୗὶ
23㸪19࠾ࡼࡧ 9 kmᆅⅬ࡟ࡣࡑࢀࡒࢀࢲ࣒ A࡜⁪ B࠾ࡼࡧ Cࡀ࠶ࡾ㸪㏻ࡋᅇ㐟
㨶ࡣ㐍ධ࡛ࡁ࡞࠸ࡀ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡟ࡼࡾ࢔ࣘ Plecoglossus altivelis 
altivelis࡜࢔࣐ࢦࡢ⛶㨶ࡀࡑࢀࡒࢀ St. 1–4࡜ St. 1–10ࢆ୰ᚰ࡟ẖᖺᨺὶࡉࢀ࡚
࠸ࡿ㸬ࡲࡓ㸪⫋ᴗⓗ࡞⁺ᴗࡣ⾜ࢃࢀ࡚࠸࡞࠸ࡀ㸪⁺༠⤌ྜဨ࡟ࡼࡿ࢔ࣘ⁺ࡢ࡯
࠿㸪㐟⁺ࢆྵࡴ࢔࣐ࢦ㔮ࡾࡀᨺὶᇦࢆ୰ᚰ࡟⾜ࢃࢀ࡚࠸ࡿ㸦኱㔝ᕝ⁺༠㸪⚾ಙ㸧㸬
ྛㄪᰝⅬࡢ≉ᚩࢆグࡍ࡜㸪St. 1–4ࡢἙᕝᙧែᆺ㸦ྍඣ㸪1978㸧ࡣ Bbᆺ࡛㸪࿘
ᅖࡣ㛤ࡅ࡚Ỉ⏣࡟฼⏝ࡉࢀ࡚࠸ࡓ㸬௜㏆࡟ 5 ࡘࡢ‪Ỉ⩌㸦Ỉ ⣙ 14–17ºC㸧ࡀ
࠶ࡾ㸦Fig. 1㸧㸪⣙ 0.35–0.46 m3/s ࡀ⥴᪉ᕝ࡟ὶධࡋ࡚࠸ࡿ㸦ᓥ㔝࣭ᡞḟ㸪1994㸧㸬
St. 5–10ࡣ Aa-Bb⛣⾜ᆺࢆ♧ࡋ㸪St. 6–9࡛ࡣ୧ᓊᩳ㠃ࡀ㏕ࡗ࡚῱㇂ࡢᬒほࢆ♧
ࡋࡓ㸬St. 11–15ࡣ Aaᆺ࡛㸪St. 13࠿ࡽୖὶ࡛Ἑᗋ໙㓄ࡀ኱ࡁ࠸㸬ἙᕝࡢேⅭᨵ
ኚࡣ࠾ࡶ࡟ St. 6–13࡛ぢࡽࢀࡓ㸬ࡇࡢ࠺ࡕ St. 6–10ࡢᨵኚࡣᕥᓊ㐨㊰ἢ࠸ࡢㆤ
ᓊ࡛࠶ࡾ㸪ὶ㊰ෆ࡟ᕤ஦ࡀ࠾ࡼࡪሙᡤࡣ㝈ࡽࢀࡓࡀ㸪St. 10┤ୖࡢሖሐ H–Jࡢ
⚄ཎᕝࡢ༊㛫࡛ࡣ㸪ὶ㊰ෆ࡟㐩ࡍࡿㆤᓊࡀ୧ᓊ࡟ࡳࡽࢀࡓ㸬≉࡟ St. 12 ࠿ࡽ J
ࡲ࡛ࡢ༊㛫ࡣᑠつᶍ࡞ሖሐ⩌ I ࡀタ⨨ࡉࢀ㸦Fig. 2-1㸧㸪ᮏㄪᰝỈᇦࡢ୰࡛᭱ࡶ
ேⅭᨵኚࡢ኱ࡁ࠸ሙᡤ࡛࠶ࡗࡓ㸬୍᪉㸪Ἴᮌྜᕝࡢ St. 10–11࡛ࡣᶆ㧗㸪Ἑᗋ໙
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㓄㸪Ỉ ➼ࡢ⎔ቃኚ㔞ࡀ⚄ཎᕝࡢ St. 10–12࡜࡯ࡰྠࡌ࡛࠶ࡗࡓࡀ㸦ᚋ㏙㸹Table 
2-2㸧㸪ᨵኚࡣྑᓊ㐨㊰ἢ࠸ࡢ୍㒊ࡢㆤᓊᕤ஦࡟㝈ࡽࢀ㸪㨶㢮ࡢ⛣ືࢆ㜼ᐖࡍࡿ
ᵓ㐀ࡣ࡞࠿ࡗࡓ㸦Fig. 2-1㸧㸬
⎔ቃㄪᰝ
 ⩌㞟ኚ໬࡜⎔ቃせᅉࡢ㛵ಀࢆㄪ࡭ࡿࡓࡵ㸪௨ୗࡢ 6 ࡘࡢ⎔ቃኚ㔞ࢆồࡵࡓ
㸦Table 2-2㸧㸬ྛㄪᰝⅬࡢᶆ㧗ࢆ⦰ᑻ 1/5000 ࡢᆅᅗ࠿ࡽㄞࡳྲྀࡿ࡜࡜ࡶ࡟㸪㞄
᥋ㄪᰝⅬࡢᶆ㧗ᕪࢆㄪᰝⅬ㛫ࡢ㊥㞳࡛㝖ࡋ࡚㸪ୖ ὶഃㄪᰝⅬࡢἙᗋ໙㓄࡜ࡋࡓ㸬
ࡲࡓ㸪2004ᖺ 3᭶࡟඲ㄪᰝỈᇦࡢὶ㊰㛗⣙ 100 mẖ࡟Ỉ㠃ᖜࢆ ᐃࡋ㸪㞄᥋ㄪ
ᰝⅬ㛫ࡢᖹᆒ್ࢆୖὶഃㄪᰝⅬࡢᖹᆒỈ㠃ᖜ㸦௨ୗ㸪Ỉ㠃ᖜ㸧࡜ࡋࡓ㸬St. 1࡛
ࡣ୧ኚ㔞ࡀᚓࡽࢀ࡞࠸ࡓࡵ㸪௨ୗࡢゎᯒ࡛ࡣ St. 2࡜ྠࡌ್ࢆ⏝࠸ࡓ㸬ࡲࡓ㸪ྛ
ㄪᰝⅬ࡛ὶࢀࡢᏳᐃࡋࡓሙᡤ࡟ ᐃ᩿㠃ࢆタࡅ㸪ᦠᖏࣉࣟ࣌ࣛᘧὶ㏿ィ㸦3631
ᆺ㸪ᶓἙ㟁ᶵ㸧ࢆ⏝࠸࡚ 1Ⅼἲ㸦୰ᮧ㸪1997㸧࡟ࡼࡾὶ㔞ࢆ ᐃࡋࡓ㸬2003ᖺ
8 ᭶–2004 ᖺ 10 ᭶࡟ࡣ㸪ྛㄪᰝⅬࡢᒾࡸᶫ⬮࡟Ỉ ࢹ࣮ࢱ࣮ࣟ࢞㸦StowAway 
TidbiT Temp Logger, Onset Computer♫㸧ࢆタ⨨ࡋ࡚ 1᫬㛫ẖࡢỈ ࢆグ㘓ࡋ㸪
Ỉ グ㘓࠿ࡽ᪥ᖹᆒỈ ࢆồࡵ࡚㸪ᮇ㛫ෆࡢ᪥ᖹᆒ᭱㧗Ỉ 㸪ྠ᭱పỈ 㸦௨
ୗ㸪᭱㧗࣭᭱పỈ 㸧ࢆᢳฟࡋࡓ㸬
₯Ỉ┠どほᐹ
 Ἑᕝࡢ㨶㢮⩌㞟⤌ᡂࡣ㸪㨶㢮ࡢᏘ⠇ⓗ࡞⛣ືࡸᕼᑡ✀ࡢⓎぢ⋡ࡀప࠸ࡇ࡜➼
࡟ࡼࡾኚືࡍࡿྍ⬟ᛶࡀᣦ᦬ࡉࢀ࡚࠸ࡿ㸦ᾷ࡯࠿㸪2001㸧㸬ᮏ◊✲࡛ࡣṇ☜࡞⩌
㞟⤌ᡂࢆᢕᥱࡍࡿࡓࡵ࡟㸪⛅ᮇ㸦2003 ᖺ 10 ᭶ 21–29 ᪥㸧㸪෤ᮇ㸦2004 ᖺ 2 ᭶
2–10 ᪥㸧㸪ኟᮇ㸦2004ᖺ 8 ᭶ 6–24 ᪥㸪ࡓࡔࡋ㝆㞵࡟ࡼࡿ⃮ࡾࡢࡓࡵ St. 15ࡢ
ࡳ 10 ᭶ 6 ᪥㸧࡟㸪ྛㄪᰝⅬ࡟⏕ᜥࡍࡿࡍ࡭࡚ࡢ㨶✀ࢆᑐ㇟࡟₯Ỉ┠どほᐹࢆ
⾜ࡗࡓ㸬₯Ỉ┠どほᐹࢆ⏝࠸ࡓ⌮⏤ࡣ㸪ከࡃࡢㄪᰝⅬ࡟㌟㛗ࢆ㉸࠼ࡿỈ῝ࡢῡ
ࡀ࠶ࡾ㸪௚ࡢ᪉ἲ࡛ࡣㄪᰝࡀᅔ㞴࡛࠶ࡗࡓࡓࡵ࡛࠶ࡿ㸦Thurow, 1994㸹Torgersen 
et al., 2006㸧㸬Ἑᕝᕤ஦➼ࡢᩓⓎⓗ࡞⃮ࡾࢆ㝖ࡃ࡜ᮏㄪᰝỈᇦࡣΎ⃈࡛࠶ࡾ㸪₯
Ỉ┠どほᐹ࡟㐺ࡋࡓỈ㉁ࢆ᭷ࡋ࡚࠸ࡓ㸦ᮌᮏ㸪2008㸧㸬ほᐹ᪉ἲࡣᮌᮏ࡯࠿㸦2013㸧
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ࡢ࡜࠾ࡾ࡛࠶ࡾ㸪☜ㄆࡉࢀࡓ㨶✀ูಶయᩘࢆ 5 cmᖜࡢ඲㛗㝵⣭ู࡟㔝ᖒ࡟グ㘓
ࡋࡓ㸬࡞࠾㸪࣐࢝ࢶ࢝ Pseudogobio esocinus esocinus ࡸࣚࢩࣀ࣎ࣜᒓ㨶㢮
Rhinogobius sp.➼ࡢᗏ⏕ᛶ㨶㢮ࡣἙᗋࡢ◁ࡸ♟୰࡟㞃ࢀࡿᛶ㉁ࡀ࠶ࡿࡀ㸪Ἑᗋࢆ
᥀ࡾ㏉ࡋࡓሙྜ࡟ࡣ௚✀ࡢⓎぢ⋡ࡀపୗࡍࡿ࡜⪃࠼ࡽࢀࡓࡓࡵ㸪㞃ࢀ࡚࠸࡞࠸
ಶయࡔࡅࢆィᩘࡋࡓ㸬ࣚࢩࣀ࣎ࣜᒓ㨶㢮㸪ࢩ࣐ࢻࢪࣙ࢘ᒓ㨶㢮 Cobitis sp.㸪ࣇ
ࢼᒓ㨶㢮 Carassius sp.ࡣ㸪₯Ỉ┠どほᐹ࡟ࡼࡿṇ☜࡞✀ྠᐃࡀᅔ㞴࡞ࡓࡵᒓࡲ
࡛ࡢศ㢮࡜ࡋ㸪ࡑࢀࡒࢀ 1✀࡜ࡋ࡚ᢅࡗࡓ㸬ࡲࡓ㸪࢔࣐ࢦ࡜࣐࣓ࣖࡢᾋୖ⛶㨶
ࡣ㸪୧✀ࢆእ㒊ᙧែ࠿ࡽ༊ู࡛ࡁ࡞࠿ࡗࡓࡓࡵ㸪௨ୗࡢゎᯒ࠿ࡽ㝖እࡋࡓ㸬ᙧ
ែࡀ㢮ఝࡍࡿࢱ࢝ࣁࣖ Phoxinus oxycephalus㸪࢘ࢢ࢖ Tribolodon hakonensis㸪࢝
࣒࣡ࢶ Candidia temminckii㸪࢜࢖࢝࣡ Opsariichthys platypusࡢ⛶㨶࡟ࡘ࠸࡚ࡶ㸪
ṇ☜ࢆᮇࡍࡓࡵ࡟㸪඲㛗 5 cm௨ୗࡢࢹ࣮ࢱࢆゎᯒ࠿ࡽ㝖࠸ࡓ㸬ᚓࡽࢀࡓಶయᩘ
ࢹ࣮ࢱࡣ㸪ྛ ㄪᰝⅬࡢỈ⾲㠃✚࡛㝖ࡋ࡚ 100 m2࠶ࡓࡾࡢ㨶✀ูಶయ⩌ᐦᗘ࡟ኚ
᥮ࡋ࡚ẚ㍑࣭ศᯒ࡟౪ࡋࡓ㸬Ꮫྡ࡜ᶆ‽࿴ྡࡣ୰ᆓ㸦2013㸧࡟ᚑࡗࡓ㸬
⩌㞟ゎᯒ
 ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ᵓ㐀ࢆᢕᥱࡍࡿࡓࡵ㸪ྛㄪᰝⅬࡢ㨶㢮⩌㞟࡟ࡘ࠸࡚㸪
ㄪᰝ᫬ᮇู࡟ࢡࣛࢫࢱ࣮ศᯒ࡜㠀ィ㔞ከḟඖᑻᗘᵓᡂἲ㸦NMDS㸧࡟ࡼࡿᗎิ
໬ࢆ⾜ࡗࡓ㸬㨶✀ูಶయ⩌ᐦᗘ࡟ᑐࡋ࡚ Oksanen et al.㸦2013㸧ࡀ᥎ዡࡍࡿᖹ᪉
᰿ኚ᥮࡜Wisconsin double standardizationࢆ᪋ࡋࡓࡢࡕ㸪ㄪᰝⅬ㛫࡛ Bray-Curtis
㠀㢮ఝᗘ⾜ิࢆ⟬ฟࡋ࡚୧ศᯒ࡟౪ࡋࡓ㸬ࢡࣛࢫࢱ࣮ศᯒ࡛ࡣ㸪⤫ィࢯࣇࢺ R
㸦R Development Core Team, 2005㸧ࡢ㛵ᩘ hclustࢆ⏝࠸࡚㸪㠀㢮ఝᗘ⾜ิ࠿ࡽ⩌
ᖹᆒἲ࡟ࡼࡾඹ⾲ᙧ㊥㞳⾜ิ㸦cophenetic distance matrix㸧ࢆ⟬ฟࡋ࡚ᶞ≧ᅗࢆ
సᡂࡋࡓ㸬NMDS࡟ࡼࡿᗎิ໬࡟ࡣRࡢ veganࣃࢵࢣ࣮ࢪ㸦Oksanen et al., 2013㸧
࠿ࡽ㛵ᩘ metaMDS ࢆ⏝࠸࡚ྛㄪᰝⅬࢆ஧ḟඖᖹ㠃ୖ࡟㓄⨨ࡋࡓ㸬NMDS ࡣ㸪
ྛㄪᰝⅬࢆ㠀㢮ఝᗘ⾜ิෆࡢ㡰఩࡟ᇶ࡙࠸࡚㠀⥺ᙧⓗ࡟ᖹ㠃ୖ࡟㓄⨨ࡍࡿࡓࡵ㸪
⥺ᙧᛶࡢ௬ᐃࡀᅔ㞴࡞⏕ែᏛࢹ࣮ࢱࡢᗎิ໬࡟㐺ࡋ࡚࠸ࡿ㸦Oksanen, 2013㸧㸬
㠀㢮ఝᗘ⾜ิ࡟ᑐࡍࡿ୧ศᯒࡢ㐺ྜᗘࡢᣦᶆ࡜ࡋ࡚ඹ⾲ᙧ┦㛵ಀᩘ࡜ࢫࢺࣞࢫ
್ࢆồࡵࡓ㸬๓⪅ࡣ㠀㢮ఝᗘ⾜ิ࡜ඹ⾲ᙧ㊥㞳⾜ิࡢ┦㛵ࢆ⾲ࡋ㸪0–1 ࡢ⠊ᅖ
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࡛኱ࡁ࠸࡯࡝㠀㢮ఝᗘ࡟ᑐࡍࡿᶞ≧ᅗࡢ㐺ྜᗘࡀ㧗࠸㸦Oksanen, 2014㸧㸬ᚋ⪅
ࡣ㠀㢮ఝᗘࡢ㡰఩࡜ᗎิ໬ࡉࢀࡓⅬ㛫㊥㞳ࡢ㡰఩ࡢ┦㛵ࢆ⾲ࡋ㸦Oksanen,
2013㸧㸪0–1ࡢ⠊ᅖ࡛ᑠࡉ࠸࡯࡝㠀㢮ఝᗘ࡟ᑐࡍࡿ NMDSࡢ㐺ྜᗘࡀ㧗࠸㸦㔠㸪
2007㸧㸬ࡲࡓ㸪⩌㞟ᵓ㐀࡜ྛ㨶✀ࡢ㛵ಀࢆㄪ࡭ࡿࡓࡵ㸪㛵ᩘ wascore ࢆ⏝࠸࡚㸪
ᗎิ໬ࡉࢀࡓྛㄪᰝⅬࡢᗙᶆ࡟ᑐࡍࡿྛ㨶✀ࡢ㔜ᚰࢆ⟬ฟࡋ NMDS ᖹ㠃ୖ࡟
㓄⨨ࡋࡓ㸬ࡉࡽ࡟㸪㛵ᩘ envfit ࢆ⏝࠸࡚㸪ྛㄪᰝⅬ࡜ୖグ 6ࡘࡢ⎔ቃኚ㔞࠾ࡼ
ࡧἙᕝᙧែᆺ࡜ࡢ㛵ಀࢆㄪ࡭ࡓ㸬㔞ⓗኚᩘ࡛࠶ࡿ 6ࡘࡢ⎔ቃኚ㔞ࡣ㸪ᗎิ໬ࡉ
ࢀࡓྛㄪᰝⅬࡢᗙᶆࡢ⥺ᙧ⤖ྜ࡜ࡋ࡚⾲ࡋ㸪NMDSᖹ㠃ୖ࡟࣋ࢡࢺࣝ࡜ࡋ࡚ᑕ
ᙳࡋࡓ㸬࣋ࢡࢺࣝࡢ᪉ྥࡣྛ⎔ቃኚ㔞ࡢቑຍ㏿ᗘࡀ᭱ࡶ኱ࡁ࡞᪉ྥࢆ♧ࡋ㸪㛗
ࡉࡣྛㄪᰝⅬࡢᗙᶆ࡜ࡢ┦㛵ࡢ㧗ࡉࢆ⾲ࡍ㸬୍᪉㸪㉁ⓗኚᩘ࡛࠶ࡿἙᕝᙧែᆺ
ࡣ㸪ྛ ㄪᰝⅬࡢᗙᶆ࡟ᑐࡍࡿ㔜ᚰ࡜ࡋ࡚ NMDSᖹ㠃ୖ࡟♧ࡋࡓ㸦Oksanen, 2013㸧㸬
ᗎิ໬ࡉࢀࡓྛㄪᰝⅬ࡟ᑐࡍࡿྛ⎔ቃኚ㔞ࡢ㐺ྜᗘ࡟ࡘ࠸࡚㸪⎔ቃኚ㔞ࡢ୪࡭
᭰࠼᳨ᐃ㸦10,000 ᅇ㸧ࢆᐇ᪋ࡋ㸪᭷ពᛶࢆุᐃࡋࡓ㸦Oksanen, 2013㸧㸬ୖグࡢ
࡯࠿㸪ࡍ࡭࡚ࡢ⤫ィゎᯒࡣ⤫ィࢯࣇࢺ R㸪࠾ࡼࡧࡇࢀࢆ࣮࣋ࢫ࡜ࡋࡓࣇ࣮ࣜ⤫
ィࢯࣇࢺ EZR㸦⚄⏣㸪2012㸧࡛ᐇ᪋ࡋ㸪⤫ィ᳨ᐃࡢ᭷ពỈ‽ࡣ 0.05࡜ࡋࡓ㸬
⤖ ᯝ
ㄪᰝỈᇦࡢ⎔ቃ
  ᐃࡋࡓ 6 ࡘࡢ⎔ቃኚ㔞ࡢ࠺ࡕ㸪5 ኚ㔞ࡀὶ⛬࡟ἢࡗࡓ໙㓄ࢆ♧ࡋࡓ㸬ࡍ࡞
ࢃࡕ㸪ᶆ㧗࡜Ἑᗋ໙㓄ࡣୖὶ᪉ྥ㸪Ỉ㠃ᖜ㸪ὶ㔞㸪᭱పỈ ࡣୗὶ᪉ྥ࡟᭷ព
࡟ቑຍࡋࡓ㸦Spearmanࡢ㡰఩┦㛵ಀᩘ㸪ᑐㄪᰝⅬ␒ྕ㸪㡰࡟ rs = 1.0㸪0.93㸪-0.84㸪
-0.98㸪-0.90㸪ࡍ࡭࡚ P < 0.001㸹Table 2-2㸧㸬୍᪉㸪᭱㧗Ỉ ࡣ‪Ỉࡢὶධ࡟ࡼ
ࡾ St. 1–4࡛పୗࡋ㸪ㄪᰝⅬ␒ྕ࡜᭷ព࡞┦㛵ࢆ♧ࡉ࡞࠿ࡗࡓ㸦rs = -0.36㸪P =
0.18㸧㸬௨ୖࡢࡇ࡜࠿ࡽ㸪ᶆ㧗㸪Ἑᗋ໙㓄ࡣୖὶ᪉ྥ㸪Ỉ㠃ᖜ㸪ὶ㔞㸪᭱పỈ 
ࡣୗὶ᪉ྥ࡟༢ㄪቑຍࡍࡿ⎔ቃኚ㔞࡛࠶ࡾ㸪᭱㧗Ỉ ࡣὶ⛬࡟ἢࡗࡓኚ໬ࢆ♧
ࡉ࡞࠸ኚ㔞࡜࠸࠼ࡿ㸬
13
㨶✀ูὶ⛬ศᕸ
 ࡍ࡭࡚ࡢㄪᰝ࡛㸪࢘ࢼࢠ┠࢘ࢼࢠ⛉ 1 ✀㸪ࢥ࢖┠ࢥ࢖⛉ 7 ✀㸪ࢻࢪࣙ࢘⛉ 1
✀㸪ࢧࢣ┠࢔ࣘ⛉ 1✀㸪ࢧࢣ⛉ 2ள✀㸪ࢫࢬ࢟┠ࢻࣥࢥ⛉ 1✀㸪ࣁࢮ⛉ 1✀ࡢ
4 ┠ 7 ⛉ 14 ✀㸦ள✀ࢆྵࡴ㸧ࡀ☜ㄆࡉࢀ㸪⥲☜ㄆಶయᩘࡣ 18,015 ಶయ࡛࠶ࡗ
ࡓ㸦Tables 2-3-1, 2-3-2, 2-3-3㸧㸬☜ㄆಶయᩘࡣࢱ࢝ࣁࣖ㸦9,368ಶయ㸪52.0%㸧㸪࢝
࣒࣡ࢶ㸦3,010ಶయ㸪16.7%㸧㸪࢘ࢢ࢖㸦2,274ಶయ㸪12.6%㸧㸪ࣚࢩࣀ࣎ࣜ㢮㸦1,677
ಶయ㸪9.3%㸧㸪࢔࣐ࢦ㸦633ಶయ㸪3.5%㸧ࡢ㡰࡟ከ࠿ࡗࡓ㸬㨶✀ูὶ⛬ศᕸࡢ㐪
࠸࡟ࡼࡾ㸪ྛㄪᰝⅬࡢ㨶㢮⩌㞟ࡣ㸪ୖὶഃࡢࢧࢣ⛉㨶㢮ࢆ୰ᚰ࡜ࡋࡓ⩌㞟࠿ࡽ
ୗὶഃࡢࢥ࢖⛉㨶㢮୰ᚰࡢ⩌㞟࡬࡜⛣⾜ࡋࡓ㸦Tables 2-3-1, 2-3-2, 2-3-3㸧㸬ࡍ࡞
ࢃࡕ㸪࢔࣐ࢦࡣ St. 2–15࡛☜ㄆࡉࢀ㸪ୖὶഃ࡛ࡣࢱ࢝ࣁࣖ࡜ඹᏑࡋࡓࡀ㸪ୗὶ
ഃ࡛ࡣࡼࡾከࡃࡢࢥ࢖⛉㨶㢮➼࡜ඹᏑࡋ࡚࠸ࡓ㸬࢔࣐ࢦ࡟ḟ࠸࡛ୖὶ࡛☜ㄆࡉ
ࢀࡓ㨶✀ࡣࢱ࢝ࣁ࡛ࣖ࠶ࡾ St. 1–14࡛ぢࡽࢀࡓ㸬௨ୗ࢘ࢢ࢖ࡀ St. 1–13㸪࣒࢝࣡
ࢶࡀ St. 1–12㸪ࢻࣥࢥ Odontobutis obscuraࡀ St. 1–9㸪࣐࢝ࢶ࢝ࡀ St. 1–8㸪ࣚࢩ
ࣀ࣎ࣜᒓ㨶㢮ࡀ St. 1–4㸪࢜࢖࢝࣡࡜ࢩ࣐ࢻࢪࣙ࢘ᒓ㨶㢮ࡀ St. 1–3࡛☜ㄆࡉࢀࡓ㸬
ኟᮇ࡟ࡣᨺὶࡉࢀࡓ࢔ࣘࡀ St. 1–4࡛ぢࡽࢀࡓ㸬࣐࣓ࣖ㸪ࢥ࢖ Cyprinus carpio㸪
ࣇࢼᒓ㨶㢮㸪ࢽ࣍ࣥ࢘ࢼࢠ Anguilla japonicaࡣ㞳ᩓࡋࡓㄪᰝⅬ࡛ 1–9ಶయࡀぢ
ࡽࢀࡓ㸬
✀ᩘ࡜ಶయ⩌ᐦᗘࡢὶ⛬ኚ໬
 ྛㄪᰝⅬࡢ☜ㄆ✀ᩘ࡜⥲ಶయ⩌ᐦᗘࡣ⛅ᮇ࡜ኟᮇ࡟ୗὶ᪉ྥ࡟༢ㄪ࡟ቑຍࡋ
ࡓ㸦Spearmanࡢ㡰఩┦㛵ಀᩘ㸪✀ᩘ㸸rs = 0.86㸪0.95㸪࡜ࡶ࡟ P < 0.001㸹ಶయ
⩌ᐦᗘ㸸rs = 0.61㸪0.60㸪࡜ࡶ࡟ P < 0.05㸧㸬୍᪉㸪⏕ᜥ⠊ᅖࡀᗈࡃ⏕ᜥ㔞ࡀከ
࠿ࡗࡓ࢔࣐ࢦ㸪ࢱ࢝ࣁࣖ㸪࣒࢝࣡ࢶ㸪࢘ࢢ࢖㸪࠾ࡼࡧࡑࡢ௚ࡢ㨶✀ู࡟ಶయ⩌
ᐦᗘࢆࡳࡿ࡜㸦Fig. 2-2㸧㸪ࡍ࡭࡚ࡢᏘ⠇࡛࢔࣐ࢦࡀୗὶ᪉ྥ࡟༢ㄪῶᑡ㸦rs =
-0.89–-0.94㸪ࡍ࡭࡚ P < 0.001㸧㸪࣒࢝࣡ࢶࡀ༢ㄪቑຍ㸦rs = 0.56–0.60㸪ࡍ࡭࡚ P
< 0.05㸧㸪ࡑࡢ௚ࡢ㨶✀ࡀ༢ㄪቑຍࡋ㸦⛅ᮇ࡜ኟᮇ㸸rs = 0.89–0.92㸪࡜ࡶ࡟ P <
0.001㸹෤ᮇ㸸rs = 0.60㸪P < 0.05㸧㸪࢘ࢢ࢖ࡣ⛅ᮇ࡜ኟᮇ࡟༢ㄪቑຍࡋࡓࡀ㸦⛅
ᮇ㸸rs = 0.63㸪P < 0.05㸹ኟᮇ㸸rs = 0.69㸪P < 0.001㸧㸪ࢱ࢝ࣁࣖࡢಶయ⩌ᐦᗘࡣ
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ࡍ࡭࡚ࡢᏘ⠇࡛ὶ⛬࡟ἢࡗࡓኚ໬ࢆ♧ࡉ࡞࠿ࡗࡓ㸦rs = 0.16–0.50㸪P = 0.06–
0.51㸧㸬ࢱ࢝ࣁࣖࡢಶయ⩌ᐦᗘࡣ஧ᓠᆺࢆ♧ࡋ㸦Fig. 2-2㸧㸪⛅ᮇ࡜෤ᮇ࡟ St. 6–11
࡛పࡃ㸪ኟᮇ࡟ St. 7–10࡛ప࠿ࡗࡓ㸬ࡲࡓ㸪St. 4–5࡛ࡣ࢘ࢢ࢖࡜࣒࢝࣡ࢶࡢಶ
య⩌ᐦᗘࡀᒁᡤⓗ࡟పࡃ㸪ࢱ࢝ࣁࣖࡀඃ༨ࡋ࡚࠸ࡓ㸦Fig. 2-2㸧㸬
⩌㞟ࡢศ㢮࡜ᗎิ໬
 ᮏゎᯒ࡛ࡣ㸪ᩓⓎⓗ࡟☜ㄆࡉࢀࡓ࣐࣓ࣖ㸪ࢥ࢖㸪ࣇࢼᒓ㨶㢮㸪ࢽ࣍ࣥ࢘ࢼࢠ㸪
࠾ࡼࡧ᫂ࡽ࠿࡞ᨺὶ㨶࡛࠶ࡿ࢔ࣘࡢࢹ࣮ࢱࢆ㝖࠸ࡓ㸬ࢡࣛࢫࢱ࣮ศᯒ࡛ࡣ㸪㨶
✀ูὶ⛬ศᕸ࡜ಶయ⩌ᐦᗘࢆ཯ᫎࡋࡓ⤖ᯝࡀᚓࡽࢀࡓ㸬ࡍ࡞ࢃࡕ㸪⛅ᮇ࡜ኟᮇ
࡟ඹ⾲ᙧ㊥㞳 0.5㸪෤ᮇ࡟ 0.7࡛ᶞ≧ᅗࢆษ᩿ࡍࡿ࡜㸪ྛㄪᰝⅬࡢ㨶㢮⩌㞟ࡣ࡯
ࡰ St. 1–3㸪6–10㸪11–15ࡢ 3⩌࡟ศ㢮ࡉࢀ㸪St. 4–5ࡣㄪᰝ᫬ᮇ࡟ࡼࡾ␗࡞ࡿࢡ
ࣛࢫࢱ࣮࡟ᒓࡋࡓ㸦Fig. 2-3㸧㸬ඹ⾲ᙧ┦㛵ಀᩘࡣ⛅ᮇ㸪෤ᮇ㸪ኟᮇࡢ㡰࡟ 0.87㸪
0.76㸪0.82࡜ 1࡟㏆࠸್ࢆ♧ࡋࡓ㸬NMDS࡛ࡶࢡࣛࢫࢱ࣮ศᯒ࡜ྠᵝ࡟㸪St. 1–
3㸪4–5㸪6–10㸪11–15ࡀࡑࢀࡒࢀ㏆࠸఩⨨࡟㓄⨨ࡉࢀࡓ㸦Fig. 2-3㸧㸬ࢫࢺࣞࢫ್
ࡣ⛅ᮇ㸪෤ᮇ㸪ኟᮇࡢ㡰࡟ 0.09㸪0.12㸪0.09 ࡜㸪㧗࠸㐺ྜᗘࢆ♧ࡋࡓ㸬NMDS
ᖹ㠃ୖࡢྛ㨶✀ࡢ㔜ᚰࡣ㸪㨶✀ูὶ⛬ศᕸ࡜ಶయ⩌ᐦᗘࢆ཯ᫎࡋ㸪ࡍ࡭࡚ࡢᏘ
⠇࡛࢔࣐ࢦࡀ St. 11–15㸪ࢱ࢝ࣁࣖࡀ St. 11–15࡜ 4–5ࡢ㛫㸪࢘ࢢ࢖ࡀ St. 6–10㸪
࣒࢝࣡ࢶࡀ St. 1–3࡜ St. 6–10ࡢ㛫㸪ࣚࢩࣀ࣎ࣜ㢮㸪࢜࢖࢝࣡㸪ࢩ࣐ࢻࢪࣙ࢘ᒓ
㨶㢮ࡀ St. 1–3 ௜㏆࡟㓄⨨ࡉࢀࡓ㸬࣐࢝ࢶ࢝࡜ࢻࣥࢥࡢ㔜ᚰࡣ㸪⛅ᮇ࡜ኟᮇ࡟
St. 6–10㸪෤ᮇ࡟ St. 1–3௜㏆࡟఩⨨ࡋࡓ㸬௨ୖࢆࡲ࡜ࡵࡿ࡜㸪ᮏㄪᰝỈᇦࡢ㨶
㢮⩌㞟ࡣ࢔࣐ࢦ࡜ࢱ࢝ࣁࣖࢆ୰ᚰ࡜ࡋࡓ⩌㞟㸦St. 11–15㸧㸪࢘ࢢ࢖࡜࣒࢝࣡ࢶࢆ
୰ᚰ࡜ࡋࡓ⩌㞟㸦St. 6–10㸧㸪ࢱ࢝ࣁࣖࢆ୰ᚰ࡜ࡋࡓ⩌㞟㸦St. 4–5㸧㸪ከᩘࡢࢥ࢖
⛉㨶㢮࡜ࣚࢩࣀ࣎ࣜᒓ㨶㢮ࢆ୰ᚰ࡜ࡋࡓ⩌㞟㸦St. 1–3㸧ࡢ 4⩌࡟ศ㢮࣭ᗎิ໬
ࡉࢀࡓ࡜࠸࠼ࡿ㸬ࡉࡽ࡟ St. 4–5࡜ 6–10ࡣ㸪ୗὶ᪉ྥ࡟༢ㄪῶᑡࡍࡿ࢔࣐ࢦࡢ
ศᕸᇦୗὶ㒊࠾ࡼࡧୗὶഃ࡛ቑຍࡍࡿ」ᩘࡢ㨶✀ࡢศᕸୖ㝈ࢆྵࡴࡇ࡜࠿ࡽ
㸦Naiman et al., 1988㸹Lasne et al., 2007㸧㸪࡜ࡶ࡟ St. 1–3࡜ 11–15ࡢ⩌㞟ࡢ⛣⾜
ᖏ࡟┦ᙜࡍࡿ࡜࠸࠼ࡿ㸬
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㨶㢮⩌㞟࡜⎔ቃኚ㔞
 ᭱㧗Ỉ ௨እࡢ⎔ቃኚ㔞ࡣ㸪ࡍ࡭࡚ࡢᏘ⠇࡛ᗎิ໬ࡉࢀࡓྛㄪᰝⅬ࡜᭷ព࡞
㐺ྜࢆ♧ࡋࡓ㸦Fig. 2-3㸧㸬Ἑᕝᙧែᆺࡢ㔜ᚰࡣࡍ࡭࡚ࡢᏘ⠇ࢆ㏻ࡌ࡚ Aa ᆺࡀ
St. 11–15㸪Aa-Bb⛣⾜ᆺࡀ St. 6–10㸪Bbᆺࡀ St. 1–3௜㏆࡟఩⨨ࡋࡓ㸬ᶆ㧗࡜Ἑ
ᗋ໙㓄ࡢ࣋ࢡࢺࣝࡣࡍ࡭࡚ࡢᏘ⠇࡛ St. 6–10࡜ 11–15ࡢ㛫㸪ὶ㔞࡜Ỉ㠃ᖜࡣࡍ
࡭࡚ࡢᏘ⠇࡛ St. 1–3ࢆᣦࡋࡓ㸬᭱ పỈ ࡣ㸪⛅ᮇ࡜෤ᮇ࡟ St. 1–3㸪ኟᮇ࡟ St. 6–
10ࢆᣦࡋࡓ㸬୍᪉㸪᭱㧗Ỉ ࡣ⛅ᮇ࡟᭷ព࡞㐺ྜࢆ♧ࡋ㸪࣋ࢡࢺࣝࡣ St. 6–10
ࢆᣦࡋࡓ㸬࡞࠾㸪෤ᮇ࡜ኟᮇࡢ㐺ྜࡣ᭷ព࡛ࡣ࡞࠿ࡗࡓࡀ㸦P = 0.083, 0.052㸧㸪
ྠᵝ࡟ St. 6–10ࢆᣦࡋࡓ㸬
⪃ ᐹ
㨶✀ูὶ⛬ศᕸ࡜⛣ື㞀ቨ
 ࢡࣛࢫࢱ࣮ศᯒ࠾ࡼࡧ㠀ィ㔞ከḟඖᑻᗘᵓᡂἲ࡟ࡼࡿゎᯒ࠿ࡽ㸪ᮏㄪᰝỈᇦ
ࡢ㨶㢮⩌㞟ࡣ 4⩌࡟ศ㢮࣭ᗎิ໬ࡉࢀࡓ㸬ࡓࡔࡋ㸪ᮏㄪᰝỈᇦ࡟ࡣ㨶㢮ࡢ⛣ື
㞀ቨ࡟࡞ࡾᚓࡿሖሐࡸ⁪ࡀከᩘᏑᅾࡋ࡚࠸ࡓ㸦Fig. 2-1㸧㸬ྛ㨶✀ࡢὶ⛬ศᕸ࡜
⩌㞟ࡢศ㢮࣭ᗎิ໬ࡀ࡜ࡶ࡟⛣ື㞀ቨ࡛Ỵᐃࡉࢀࡿሙྜ࡟ࡣ㸪⩌㞟ᵓ㐀࡜⎔ቃ
せᅉࡢ㛵㐃ࢆ⪃ᐹࡍࡿព࿡ࡣ࡞ࡃ࡞ࡿ㸬ࡑࡇ࡛㸪ࡲࡎྛ㨶✀ࡢὶ⛬ศᕸ࡜⩌㞟
ࡢศ㢮࣭ᗎิ໬㸪࠾ࡼࡧ⛣ື㞀ቨࡢ㛵ಀ࡟ࡘ࠸࡚⪃ᐹࡍࡿ㸬ὶ⛬ศᕸࡢୖ㝈ࡀ
ࢲ࣒ࡸ⁪ࡢ఩⨨࡜୍⮴ࡋࡓ㨶✀ࡣࢱ࢝ࣁࣖ㸪࢘ࢢ࢖㸪࣒࢝࣡ࢶ㸪ࣚࢩࣀ࣎ࣜᒓ
㨶㢮࡛࠶ࡗࡓ㸬ࢱ࢝ࣁࣖࡣ St. 1–14࡛ぢࡽࢀࡓࡀ㸦Tables 2-3-1, 2-3-2, 2-3-3㸧㸪
⁪Mࡢୖὶഃ࡟ศᕸࡋ࡞࠸ࡇ࡜࠿ࡽ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸪⁪Mࡀ⛣ື㞀ቨ࡜
࠸࠼ࡿ㸦Fig. 2-1㸧㸬ࡋ࠿ࡋ㸪⁪Mࡢୖὶഃࡢ St. 15ࡣ㸪෤ᮇ࡜ኟᮇ࡟ St. 11–14
࡜ྠࡌࢡࣛࢫࢱ࣮࡟ᒓࡋ㸪⛅ᮇ࡟ࡶྠࢡࣛࢫࢱ࣮࡜᭱ࡶ㏆࠸ᯞࢆᵓᡂࡋࡓࡇ࡜
࠿ࡽ㸦Fig. 2-3㸧㸪⁪M࡟ࡼࡿศ㢮࣭ ᗎิ໬࡟ᑐࡍࡿᙳ㡪ࡣᑡ࡞࠸࡜⪃࠼ࡽࢀࡓ㸬
࢘ࢢ࢖࡜࣒࢝࣡ࢶࡢὶ⛬ศᕸࡢୖ㝈ࡣࡑࢀࡒࢀ St. 13㸪12࡛࠶ࡗࡓ㸦Tables 2-3-1,
2-3-2, 2-3-3㸧㸬⚄ཎᕝࡢ St. 12࠿ࡽሖሐ Jࡲ࡛ࡢ༊㛫ࡣ㸪」ᩘࡢሖሐࡀᐦ㞟ࡋࡓ㸪
ᮏㄪᰝỈᇦࡢ୰࡛᭱ࡶேⅭᨵኚࡀ㐍ࢇࡔሙᡤ࡛࠶ࡾ㸦Fig. 2-1㸧㸪ࡇࢀࡽࡢሖሐ
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⩌ࡀ୧✀ࡢ⛣ື㞀ቨ࡟࡞ࡗࡓྍ⬟ᛶࡀ࠶ࡿ㸬ࡋ࠿ࡋ㸪⚄ཎᕝࡢ St. 12࡜࡯ࡰྠ
ࡌ⎔ቃኚ㔞ࢆࡶࡘἼᮌྜᕝࡢ St. 11࡛ࡣ㸦Table 2-2㸧㸪ୗὶഃ࡟㨶㢮ࡢ⛣ື㞀ቨ
ࡀ࡞࠸࡟ࡶ࠿࠿ࢃࡽࡎ㸪୧✀ࡢಶయ⩌ᐦᗘࡣ St. 12࡜ྠᵝ࡟పࡃ㸦Fig. 2-2㸧㸪
୧ㄪᰝⅬࡣࡍ࡭࡚ࡢᏘ⠇࡛ྠࡌࢡࣛࢫࢱ࣮㸦St. 11–15㸧࡟ྵࡲࢀࡓ㸬ࡇࡢࡇ࡜
ࡣ㸪୧✀ࡢศᕸୖ㝈ࢆ St. 12–13࡟ไ㝈ࡍࡿせᅉࡀ㸪ᑡ࡞ࡃ࡜ࡶࢲ࣒ࡸሖሐ࡟ࡼ
ࡿ⛣ື㞀ቨࡔࡅ࡛ࡣ࡞࠸ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬Ἑᕝ㨶㢮⩌㞟࡟࠾ࡅࡿୗὶ᪉ྥ࡬
ࡢ✀ᩘࡢቑຍせᅉ࡟ࡣ㸪୍ ḟ⏕⏘ࡢቑຍ㸦Vannote et al., 1980㸧㸪⏕ᜥሙᡤࡢከᵝ
ᛶࡢቑຍ㸦Schlosser, 1982㸧㸪⏕ᜥሙᡤࢧ࢖ࢬࡢቑ኱㸦Rahel and Hubert, 1991㸧➼
ࡀ▱ࡽࢀ࡚࠸ࡿ㸬Ἴᮌྜᕝࡢ St. 11࡜⚄ཎᕝࡢ St. 12࡛ࡣከࡃࡢ⎔ቃኚ㔞ࡀ㢮
ఝࡋ࡚࠸ࡓࡀ㸪୧ㄪᰝⅬ࡜ St. 10ࡢ㛫࡛ࡣ㸪Ἑᕝᙧែᆺࡀ Aaᆺ࠿ࡽ Aa-Bb⛣
⾜ᆺ࡟ኚ໬ࡋ㸪Ἑᗋ໙㓄ࡀῶᑡ㸪ᖹᆒỈ㠃ᖜࡣቑຍࡋࡓ㸦Table 2-2㸧㸬Inoue and 
Nunokawa㸦2002㸧ࡣ㸪࢚ࢰ࢘ࢢ࢖ Tribolodon sachalinensisࡢ⏕ᜥ㔞ࡀ㸪ୗὶ࡯
࡝ቑຍࡍࡿᓊᐤࡾࡢὶ㏿ࡢ㐜࠸㒊ศࡢ㠃✚ẚ࡜ṇࡢ┦㛵ࢆ♧ࡍ࡜ሗ࿌ࡋ࡚࠸ࡿ㸬
ࡋࡓࡀࡗ࡚㸪ᮏㄪᰝỈᇦ࡛࣒࢝࣡ࢶ࡜࢘ࢢ࢖ࡢศᕸࢆไ㝈ࡍࡿせᅉࡣ㸪⏕ᜥሙ
ᡤࡢࢧ࢖ࢬ࡜ከᵝᛶ࡛࠶ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓ㸬ࣚࢩࣀ࣎ࣜᒓ㨶㢮ࡣ St. 1–4࡛
ぢࡽࢀ St. 5࡛☜ㄆࡉࢀ࡞࠿ࡗࡓࡓࡵ㸦Tables 2-3-1, 2-3-2, 2-3-3㸧㸪⁪ D㸪ሖሐ E㸪
Fࡢ࠸ࡎࢀ࠿ࡀ⛣ື㞀ቨ࡜⪃࠼ࡽࢀࡓ㸦Fig. 2-1㸧㸬ࡋ࠿ࡋ㸪ࡇࢀࡽࢆᣳࢇ࡛㐃⥆
ࡍࡿ St. 4㸪5ࡣᖖ࡟ྠࡌࢡࣛࢫࢱ࣮࡟ྵࡲࢀࡓ㸬௨ୖࡢࡇ࡜࠿ࡽ㸪ᮏ◊✲࡟࠾
ࡅࡿ㨶㢮⩌㞟ࡢศ㢮࣭ᗎิ໬ࡣ㸪⛣ື㞀ቨ௨እࡢせᅉࢆ཯ᫎࡋ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀࡿ㸬
㨶㢮⩌㞟ኚ໬ࡢ⎔ቃせᅉ
 ୖ࣭ୗὶ᪉ྥ࡟༢ㄪኚ໬ࡍࡿࡍ࡭࡚ࡢ⎔ቃኚ㔞ࡀ㸪ᗎิ໬ࡉࢀࡓㄪᰝⅬ࡟ᑐ
ࡋ࡚᭷ព࡞㐺ྜࢆ♧ࡋࡓࡇ࡜࠿ࡽ㸦Fig. 2-3㸧㸪ᮏㄪᰝỈᇦࡢ㨶㢮⩌㞟ᵓ㐀ࡣὶ
⛬࡟ἢࡗࡓ⎔ቃ໙㓄࡟ᙉࡃつᐃࡉࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓ㸬ࡇࡢ⤖ᯝࡣ㸪ࢧࢣ⛉
㨶㢮ࢆ୰ᚰ࡜ࡍࡿ⩌㞟࠿ࡽࢥ࢖⛉㨶㢮ࢆ୰ᚰ࡜ࡍࡿ⩌㞟࡬ࡢ⛣⾜ࡀ㸪Ỉ ࡸᆅ
ᙧ࡜࠸ࡗࡓ኱ࡁ࡞✵㛫ࢫࢣ࣮ࣝࡢ⎔ቃ໙㓄࡟つᐃࡉࢀࡿ࡜ࡋࡓሗ࿌㸦Naiman et 
al., 1988㸹Rahel and Hubert, 1991㸹Jackson et al., 2001㸧࡜୍⮴ࡋ࡚࠸ࡿ㸬୍᪉㸪
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Fig. 2-1. Stations established in the Ogata River and its tributaries (Kohbaru and 
Hakiai streams) (right) in northeastern Kyushu Island (left). Numerals and capital 
letters (A–O) indicate survey stations and dams/falls, respectively.
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Fig. 2-2. Longitudinal changes in population densities of four dominant fishes 
(Oncorhynchus masou ishikawae, Phoxinus oxycephalus, Candidia temminckii and 
Tribolodon hakonensis) and other fish species in the Ogata River and its tributaries 
(Kohbaru and Hakiai streams) in October 2003 (top), February 2004 (middle) and 
August 2004 (bottom).
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Fig. 2-3. See the next page for figure caption because of its length.
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Fig. 2-3. Dendrograms and ordination plots resulting from cluster analysis and 
non-metric multidimensional scaling (NMDS) of fish assemblage structures among 15 
stations in the Ogata River and its tributaries (Kohbaru and Hakiai streams) in October 
2003 (top), February 2004 (middle) and August 2004 (bottom). In dendrograms, dotted 
lines indicate cophenetic distances classifying 15 fish assemblages into three or four 
clusters. In NMDS plots, numerals, italic and roman letters represent survey stations, 
fish species (Om: Oncorhynchus masou ishikawae, Po: Phoxinus oxycephalus, Th:
Tribolodon hakonensis, Ct: Candidia temminckii, Pe: Pseudogobius esocinus esocinus,
Oo: Odontobutis obscura, Rsp: Rhinogonius sp., Csp: Cobitis sp.) and environmental 
variables (Aa, AaBb, and Bb: topographic types [based on Kani (1978)], Alt: altitude, 
Gra: gradient, Wid: mean wetted width, Dis: discharge, Min: minimum DMWT [daily 
mean water temperature], Max: maximum DMWT), respectively. Fish species and 
topographic types are plotted as centroids with respect to site scores. Vectors indicate 
directions of increasing environmental gradients and strength of their correlations with 
site scores. Solid and dotted lines of vectors indicate significant (P < 0.05) or 
non-significant relationships with site scores based on random permutation tests (10, 
000 iterations).
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➨ 3❶ ࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ
㏆ᖺ㸪ࢧࢣ⛉㨶㢮ࡢᅾ᮶ಶయ⩌ࡢಖ඲࡜⁺ᴗ࣭㐟⁺࡟ࡼࡿ฼⏝ࡢ୧❧ࢆᅗࡿ
ࡓࡵ࡟㸪῱ὶ㨶ሙࡢࢰ࣮ࢽࣥࢢ⟶⌮ࡀ᪥ᮏྛᆅ࡛ヨࡳࡽࢀ࡚࠸ࡿ㸦ຍ⸨㸪1991㸹
ᮌᮧ㸪2004㸹୰ᮧ㸪2009㸧㸬ࢰ࣮ࢽࣥࢢ⟶⌮࡛ࡣ㸪ᅾ᮶ಶయ⩌ࡢศᕸࣃࢱ࣮ࣥ࡜
⮬↛෌⏕⏘ࡢᐇែ࡟ᇶ࡙࠸࡚⁺ሙู࡟␗࡞ࡿ⟶⌮ᡭἲࡀ㐺⏝ࡉࢀࡿࡓࡵ㸦୰ᮧ㸪
2009㸧㸪ᑐ㇟㨶✀ࡢ⏕άྐࢆ㏻ࡌࡓ⛣ື࠾ࡼࡧ⮬↛෌⏕⏘ࡢᐇែ➼ࡢ⏕ែᏛⓗ▱
ぢࢆᢕᥱࡍࡿᚲせࡀ࠶ࡿ㸬⮬↛෌⏕⏘ࡢᐇែࡣ㸪⏘༸ᗋࡸᾋୖ⛶㨶ࡢศᕸ➼࡟
ᇶ࡙࠸࡚ᢕᥱࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡾ㸪࢖࣡ࢼ Salvelinus leucomaenis㸦୰ᮧ࡯࠿㸪
2009㸧㸪ࢧࢡ࣐ࣛࢫ㸦ᮡⱝ࡯࠿㸪1999㸧㸪ࣅ࣐࣡ࢫ Oncorhynchus masou subsp.㸦ᑿ
⏣㸪2011㸧㸪ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣ Salmo salar ࡜ࣈࣛ࢘ࣥࢺࣛ࢘ࢺ Salmo trutta
㸦Foldvik et al., 2010ཧ↷㸧➼࡛ሗ࿌ࡀ࠶ࡿ㸬࢔࣐ࢦࡸ࣐࣓ࣖࡢἙᕝᆺಶయ⩌ࡣ
኱ࡁ࡞Ἑᕝෆ⛣ືࢆࡏࡎ㸪⏘༸ሙᡤ࡜ࡑࢀ௨እࡢ⏕άሙᡤࡀ㏆᥋ࡍࡿྍ⬟ᛶࡀ
ᣦ᦬ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸦Nakano et al., 1990㸹Sakata et al., 2005㸧㸪ࡑࡢ෌⏕⏘
ࡢᐇែࢆᢕᥱࡍࡿࡓࡵ࡟ࡣ⏕ᜥᇦ඲యࢆྵࡴࢫࢣ࣮ࣝࡢㄪᰝࡀᚲせ࡜⪃࠼ࡽࢀ
ࡿ㸬ࡲࡓ㸪࢔࣐ࢦࡢ⏘༸ሙᡤࡀ⏕άሙᡤ࡜㏆᥋ࡍࡿ࡞ࡽࡤ㸪⏘༸ᗋ㸪ᾋୖ⛶㨶
࠾ࡼࡧᡂ㨶ࡢศᕸࣃࢱ࣮ࣥࡢ㛫࡟ࡣఱࡽ࠿ࡢ㛵ಀࡀ࠶ࡿ࡜ண᝿ࡉࢀࡿࡀ㸪ࡑࢀ
ࡽࡢ㛵ಀࡣ୙࡛᫂࠶ࡿ㸬ࡉࡽ࡟㸪࢔࣐ࢦࡢᾋୖ⛶㨶ࡣᡂ㛗࡟కࡗ࡚ᚤ⏕ᜥሙᡤ
ࢆኚ໬ࡉࡏࡿࡇ࡜ࡀ▱ࡽࢀࡿࡀ㸦ྡ㉺࡯࠿㸪1988㸧㸪ᾋୖ┤ᚋࡢ⛣ື࡟㛵ࡍࡿ▱
ぢࡣ࡞࠸㸬
ᮏ◊✲ࡣ㸪኱㔝ᕝỈ⣔⥴᪉ᕝ࡜ᨭὶ⚄ཎᕝ࡟࠾࠸࡚㸪࢔࣐ࢦࡢ⮬↛෌⏕⏘ࡢ
ᐇែࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓ㸬ࡑࡢࡓࡵ࡟㸪ὶᇦࢫࢣ࣮ࣝ࡟࠾ࡅࡿᾋ
ୖ⛶㨶ࡢὶ⛬ศᕸࢆ₯Ỉ┠どほᐹ࡟ࡼࡾ᫂ࡽ࠿࡟ࡍࡿ࡜࡜ࡶ࡟㸪ᗂ㨶ᮇ௨㝆ࡢ
ಶయࡢὶ⛬ศᕸ࡜ࡢẚ㍑ࢆ⾜࠸㸪ࡑࢀࡽࡢὶ⛬ศᕸࡢ㛵ಀ࡟ᇶ࡙࠸࡚㸪≉࡟ᮏ
✀ࡢ⏕άྐึᮇ࡟࠾ࡅࡿ⛣ືᵝᘧ࡟ࡘ࠸࡚㆟ㄽࢆ⾜࠺㸬
ᮦᩱ࡜᪉ἲ
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ㄪᰝሙᡤ
 ᮏ◊✲࡛ࡣ㸪⥴᪉ᕝ࡜༑ゅᕝࡢྜὶⅬ㸦ᇶ‽Ⅼ㸧࠿ࡽ⚄ཎᕝࡢ࢔࣐ࢦ⏕ᜥୖ
㝈࡛࠶ࡿ஬ྜ┠ࡢ⁪ࡲ࡛ࡢ⣙ 16.4 kmࢆㄪᰝỈᇦ࡜ࡋ࡚㸪࠾ࡶ࡟ὶἣࡀኚ໬ࡍ
ࡿᆅⅬࢆቃ࡟ 14ㄪᰝ༊࡟ศࡅࡓ㸦Fig. 3-1㸧㸬ྛㄪᰝ༊ࡢ㛗ࡉࡣ㸪࢔࣐ࢦᾋୖ⛶
㨶ࡢ₯Ỉ┠ど࡟せࡍࡿ᫬㛫ࢆ⪃៖ࡋ࡚ 1 km๓ᚋ㸦0.73–1.80 km㸹ᖹᆒ ± ᶆ‽
೫ᕪ = 1.17 ± 0.28 km㸧࡜ࡋࡓ㸬ࢧࢣ⛉㨶㢮ᡂ㨶ࡢ㐳ୖࡣⴠᕪ 1 m௨ୖࡢ⁪ࡸሖ
ሐ➼࡛㜼ᐖࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡀ㸦㧗ᶫ㸪1988㸧㸪ᮏㄪᰝỈᇦ࡟ࡣⴠᕪ
11–17 mࡢ⮬↛⁪ࡀ Sec. 6࡟ 1ࣨᡤ㸪Sec. 14࡟ 3ࣨᡤᏑᅾࡋ㸪ⴠᕪ 1 m௨ୖࡢ
ሖሐ➼ࡀ Sec. 5㸪11㸪12㸪13࡟ࡑࢀࡒࢀ 2ᇶ㸪1ᇶ㸪6ᇶ㸪2ᇶタ⨨ࡉࢀ࡚࠸ࡿ
㸦Fig. 3-1㸧㸬࢔࣐ࢦࡢᨺὶࡣ Sec. 11ࢆ୰ᚰ࡟ẖᖺ⾜ࢃࢀ࡚࠸ࡿࡀ㸪᭱ୖὶ㒊ࡢ
Sec. 14࡟ࡣබⓗ࡞ᨺὶグ㘓ࡣ࡞࠸㸦኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ㸪⚾ಙ㸧㸬
⏕ᜥ⎔ቃ
 ྛㄪᰝ༊ࡢἙᕝᙧែᆺ㸦ྍඣ㸪1978㸧ࡣ Sec. 1–4࡛ Bbᆺ㸪Sec. 5–10࡛ Aa-Bb
⛣⾜ᆺ㸪Sec. 11–14࡛ Aaᆺ࡛࠶ࡗࡓ㸦Table 3-1㸧㸬⦰ᑻ 1/5000ࡢᆅᅗ࠿ࡽ⟬ฟ
ࡋࡓἙᗋ໙㓄ࡣ Sec. 1–11࡛ 3%ᮍ‶㸪Sec. 12–14࡛ 5.3–21.1%࡛࠶ࡗࡓ㸬ᇶ‽Ⅼ
࠿ࡽ⣙100 m㛫㝸࡛ ᐃࡋࡓỈ㠃ᖜ࠿ࡽồࡵࡓᖹᆒỈ㠃ᖜࡣ㸪Sec. 1–3࡛⣙20 m㸪
Sec. 14 ࡛⣙ 7 m ࡛࠶ࡗࡓ㸬2003 ᖺ 8 ᭶–2005 ᖺ 4 ᭶࡟Ỉ ࢹ࣮ࢱ࣮ࣟ࢞
㸦StowAway TidbiT Temp Logger, Onset Computer㸧࡟ࡼࡾグ㘓ࡉࢀࡓ 1᫬㛫ẖࡢ
Ỉ ࢹ࣮ࢱ࡟ᇶ࡙ࡃ᪥ᖹᆒ᭱㧗Ỉ ࡣ Sec. 1–3࡛ 20°Cྎ㸪Sec. 4–10࡛ 21–24°C㸪
Sec. 12–14࡛20°Cᮍ‶㸪ྠ ᭱పỈ ࡣSec. 1–3࡛9.5°C๓ᚋ㸪Sec. 4–13࡛3–7°C㸪
Sec. 14࡛ࡣ 0.2°C࡛࠶ࡗࡓ㸦Table 1㸧㸬Sec. 1–5࡟ࡣ‪Ỉ⩌㸦⣙ 15°C㸧ࡀᏑᅾࡍ
ࡿࡓࡵ㸪Sec. 1–3ࡢ᭱㧗–᭱పỈ ᕪࡣᑠࡉ࠿ࡗࡓ㸬ྛㄪᰝ༊ෆࡢὶࢀࡢᏳᐃࡋ
ࡓሙᡤ࡟ ᐃ᩿㠃ࢆタᐃࡋ㸪ᦠᖏࣉࣟ࣌ࣛᘧὶ㏿ィ㸦3631ᆺ㸪ᶓἙ㟁ᶵ㸧ࢆ⏝
࠸ࡓ 1 Ⅼἲ㸦Ỉ㠃ᖜࡢ 10–15%࡟ศ๭ࡋࡓ ᐃ᩿㠃ࡢ㠃✚࡟ 60%Ỉ῝ࡢὶ㏿ࢆ
஌ࡌࡿ㸹୰ᮧ㸪1997㸧࡛ồࡵࡓὶ㔞ࡣ㸪Sec. 1–4࡛⣙ 2.0 m3/s㸪Sec. 14࡛ࡣ 0.02 
m3/s࡛࠶ࡗࡓ㸦Table 3-1㸧㸬
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࢔࣐ࢦᾋୖ⛶㨶ࡢศᕸㄪᰝ
 ᮏㄽᩥ࡛ࡣ㸪ஂಖ㸦1980㸧࡟ࡼࡿࢧࢡ࣐ࣛࢫࡢⓎ⫱ẁ㝵༊ศࢆཧ⪃࡟㸪ὸࡃ
ὶ㏿ࡀ㐜࠸ᓊ㏆ࡃࡢሙᡤࢆ฼⏝ࡍࡿ඲㛗⣙ 5 cmࡲ࡛ࡢಶయࢆᾋୖ⛶㨶㸦newly 
emerged fry㸧㸪Ỉ῝ࡀ῝ࡃὶ㏿ࡀ኱ࡁ࡞ὶᚰ㒊࡬⛣ືࡍࡿ඲㛗⣙ 5 cm௨㝆ࡢಶ
యࢆࡍ࡭࡚ᗂ㨶ᮇ௨㝆ࡢಶయ㸦post-fry㸧࡜ࡋ࡚༊ูࡋࡓ㸬
ᮏㄪᰝ࡛ࡣ㸪2004ᖺ⛅࡟⏘༸ࡉࢀࡓᖺ⣭⩌ࡢ࢔࣐ࢦᾋୖ⛶㨶ࢆᑐ㇟࡟㸪ㄪᰝ
Ỉᇦࡢ඲ὶ⛬㸦16.4 km㸧࡟࠾࠸࡚₯Ỉ┠どㄪᰝࢆ⾜ࡗࡓ㸬ࡓࡔࡋ㸪ㄪᰝỈᇦࡢ
ୖ࣭ୗὶ࡛Ỉ ᕪࡀ኱ࡁ࠸ࡓࡵ㸦Table 3-1㸧㸪⏘༸ᗋ࠿ࡽࡢ࢔࣐ࢦ⛶㨶ࡢᾋୖࡢ
┠Ᏻ࡛࠶ࡿ✚⟬ ᗘࡀ⣙ 800°C࡟㐩ࡍࡿ᫬ᮇ㸦ᮏⲮ㸪1977㸹௨ୗ㸪ᾋୖ᪥㸧ࡀ
ㄪᰝ༊ࡈ࡜࡟␗࡞ࡿ࡜ண᝿ࡉࢀࡓ㸬ࡑࡇ࡛㸪ㄪᰝ๓ᖺࡢỈ ࢹ࣮ࢱ࡜ 2004 ᖺ
2–3 ᭶࡟⾜ࡗࡓணഛⓗ࡞₯Ỉ┠どㄪᰝࡢ⤖ᯝ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧࠿ࡽᾋୖ᫬
ᮇࢆ᥎ᐃࡋࡓ㸬࢔࣐ࢦࡢ⏘༸᪥ࢆ 2003ᖺ 11᭶ 1᪥࡜௬ᐃࡍࡿ࡜㸪ྛㄪᰝ༊ࡢ
ᾋୖ᪥ࡣୗὶ࡯࡝᪩ࡃ㸦Sec. 1㸸ྠᖺ 12 ᭶ᮎ㸧㸪ୖὶ࡯࡝㐜࠸㸦Sec. 14㸸2004
ᖺ 4᭶ึ᪪㸧࡜᥎ᐃࡉࢀࡓ㸬ᐇ㝿࡟ணഛⓗ₯Ỉ┠どㄪᰝ࡛ࡣ㸪᥎ᐃᾋୖ᪥࡟ྠ
ㄪࡋ࡚ᾋୖ⛶㨶ࡀࡳࡽࢀ㸪Ỉ ࡢ㧗࠸ Sec. 1–4࡛ࡣᾋୖ᪥࠿ࡽ 1ࣨ᭶௨ෆ࡟⛶
㨶ࡀᗂ㨶ࡲ࡛Ⓨ⫱ࡍࡿྍ⬟ᛶࡀ♧ࡉࢀࡓ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬௨ୖࡢࡇ࡜࠿ࡽ㸪
ㄪᰝࡣ᥎ᐃᾋୖ᪥࠿ࡽ 1ࣨ᭶௨ෆ࡟ୗὶഃ࠿ࡽୖὶഃ࡬㐍ࡵࡿࡇ࡜࡜ࡋ㸪2005
ᖺ 1᭶ 7᪥–3᭶ 28᪥࡟➨ 1ᅇㄪᰝࢆ⾜ࡗࡓ㸬ࡲࡓ㸪࢔࣐ࢦ⛶㨶ࡢᾋୖ᪥ࡣ⏘
༸᪥ࡢ㐪࠸ࡸⓎ⏕ࡢಶయᕪ࡟ࡼࡾኚືࡍࡿ࡜࡜ࡶ࡟㸪ᗂ㨶ᮇ࡟㐩ࡋࡓಶయ࠿ࡽ
㡰࡟ὶᚰ㒊࡬⛣ືࡍࡿࡓࡵ㸦ྡ㉺࡯࠿㸪1988㸧㸪ྛ ㄪᰝ༊ࡢᾋୖ⛶㨶ᩘࡣᾋୖ᪥
௨㝆ቑຍࡋࡓࡢࡕῶᑡࡍࡿ࡜ண᝿ࡉࢀࡓ㸬ࡉࡽ࡟㸪ᾋୖ┤ᚋࡢ࢔࣐ࢦ⛶㨶ࡀ࡝
ࡢ⛬ᗘ⛣ືࡍࡿࡢ࠿ࡣ୙࡛᫂࠶ࡗࡓ㸬ࡋࡓࡀࡗ࡚㸪⮬↛෌⏕⏘ࡢᐇែ࠾ࡼࡧᾋ
ୖ⛶㨶ࡢ⛣ືᵝᘧࢆᢕᥱࡍࡿࡓࡵ࡟ࡣ㸪ᾋୖ⛶㨶ᩘࡢከ࠸᫬ᮇ࡟ྜࢃࡏࡓ」ᩘ
ᅇࡢㄪᰝࡀᚲせ࡛࠶ࡿࡇ࡜࠿ࡽ㸪1 ᅇ┠ࡢㄪᰝ࠿ࡽ 11–32 ᪥ࡢ㛫㝸ࢆ࠾࠸࡚㸪
ྠᖺ 1᭶ 21᪥–4᭶ 15᪥࡟ 2ᅇ┠ࡢㄪᰝࢆᐇ᪋ࡋࡓ㸦Fig. 3-2㸧㸬ㄪᰝࡀ 1᪥࡛
⤊ࢃࡽ࡞࠿ࡗࡓሙྜ࡟ࡣ 3–5᪥ᚋ࡟ᮍ஢㒊ศࡢㄪᰝࢆ⾜ࡗࡓ㸬
ୖグ᪥⛬ࡢ᪥୰㸦9–17᫬㸧࡟㸪Ỉ୰࣓࢞ࢿ㸪ࢩࣗࣀ࣮ࢣࣝ㸪ࢻࣛ࢖ࢫ࣮ࢶ➼
ࢆ╔⏝ࡋࡓㄪᰝ⪅ 2ྡࡀྛㄪᰝ༊ࡢୗὶഃ࠿ࡽ㟼࠿࡟₯Ỉࡋ㸪୧ᓊἢ࠸࡟ୖὶ
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᪉ྥ࡬㐍ࡳ࡞ࡀࡽᾋୖ⛶㨶ࢆ┠どィᩘࡋࡓ㸬Ỉ㠃ᖜࡀ⣙10 m௨ୖࡢㄪᰝ༊㸦Sec. 
1–10㸧࡛ࡣἙ㐨୰ኸ㒊࡟ࡶ࠺ 1ྡࡢㄪᰝ⪅ࢆ㓄ࡋࡓ㸬₯Ỉ┠どࡣ㸪ᓊἢ࠸ࡢὶ
㏿ࡀ㐜࠸ሙᡤ㸪Ỉ῝ࡀ⣙ 1 m௨ὸࡢሙᡤ㸪᳜≀ࡸᒾࡢୗ➼㸪࢔࣐ࢦࡸࢧࢡ࣐ࣛ
ࢫࡢᾋୖ⛶㨶ࡀศᕸࡍࡿሙᡤ㸦ྡ㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸧ࢆ୰
ᚰ࡟⾜࠸㸪ὶ㏿ࡢ㏿࠸Ἑ㐨୰ኸ㒊ࡸ⣙ 1 m௨῝ࡢᒙ࡛ࡣᐇ᪋ࡋ࡞࠿ࡗࡓ㸬Ỉ῝
⣙ 20 cmࢆୗᅇࡿὸ࠸ሙᡤ࡛ࡣ㸪῝࠸ሙᡤ࠿ࡽὸ࠸ሙᡤࢆぢ㏻ࡍ࡞࡝ࡋ࡚Ỉ୰
ࡢど⏺ࢆ☜ಖࡋࡓ㸬▼ࡸ᳜≀➼࡛ど⏺ࡀ㐽ࡽࢀࡿሙྜࡣ㸪ᑠᯞ➼࡛୙ྍど㒊఩
ࢆ่⃭ࡋ࡚ᾋୖ⛶㨶ࢆ㏨㑊ࡉࡏ㸪どㄆࡋࡓ㸬௨ୖࡢ᪉ἲ࡛㸪1 ࡲࡓࡣ」ᩘಶయ
ࡀᐃ఩ࡍࡿᆅⅬࡈ࡜࡟㸪࡛ࡁࡿ㝈ࡾṇ☜࡟ᾋୖ⛶㨶ࡢ඲ಶయᩘࢆィᩘࡋࡓ㸬࢔
࣐ࢦᾋୖ⛶㨶ࡢ㐟Ὃຊࡢᙅࡉࡸ㧗࠸どㄆᛶࡢࡓࡵ㸪┠どࡢຠ⋡ࡣ㧗࠸࡜ࡳ࡞ࡋ㸪
ᮏ◊✲࡛ࡣ┠どィᩘࡢㄗᕪࢆ↓どࡍࡿࡇ࡜࡜ࡋࡓ㸬
ㄪᰝ⪅ࡣ㸪ᾋୖ⛶㨶ࡢᐃ఩Ⅼ࠿ࡽ㝣ୖࡢグ㘓⪅࡟ಶయᩘࢆ▱ࡽࡏ㸪グ㘓⪅ࡣ
⦰ᑻ 1/2500ࡢᆅᅗୖ࡟ࡑࢀࡽࢆグ㘓ࡋࡓ㸬ㄪᰝ⤊஢ᚋ࡟㸪ᆅᅗୖࡢᇶ‽Ⅼ࠿ࡽ
ᐃ఩Ⅼࡲ࡛ࡢ㊥㞳ࢆ࢟ࣝࣅ࣓࣮ࢱ࣮࡛ ᐃࡍࡿ࡜࡜ࡶ࡟㸪☜ㄆࡉࢀࡓᾋୖ⛶㨶
ᩘࢆྛㄪᰝ༊ࡢỈ⾲㠃✚㸦Table 3-1㸧࡛㝖ࡋ࡚㸪100 m2࠶ࡓࡾࡢಶయᩘᐦᗘࢆ
⟬ฟࡋࡓ㸬࡞࠾㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡜」ᩘࡢ㔮ࡾᅋయࡣ㸪ᮏㄪᰝᮇ㛫࡟ᙜヱ
Ỉᇦ࡛⛶㨶ࢆᨺὶࡋ࡚࠾ࡽࡎ㸦኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ㸪⚾ಙ㸧㸪ࡲࡓ☜ㄆࡉࢀࡓᾋ
ୖ⛶㨶ࡣ୍⯡ⓗ࡟ᨺὶࡉࢀࡿᗂ㨶㸦඲㛗 5 cm௨ୖ㸧࡟ẚ࡭ᑠࡉ࠸㸦2.5–5 cm㸧
ࡇ࡜࠿ࡽ㸪ࡍ࡭࡚⮬↛෌⏕⏘ࡉࢀࡓ࢔࣐ࢦ࡜ࡳ࡞ࡋࡓ㸬
ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢศᕸㄪᰝ
 2003ᖺ 10᭶ 21–29᪥㸦⛅ᮇ㸧㸪2004ᖺ 2᭶ 2–10᪥㸦෤ᮇ㸧㸪2004ᖺ 8᭶ 6–
24᪥㸦ኟᮇ㸹㝆㞵ࡢࡓࡵ Sec. 14ࡣ 10᭶ 6᪥㸧ࡢ᪥୰㸦9–17᫬㸧࡟㸪ྛㄪᰝ༊
ෆ࡟ᑡ࡞ࡃ࡜ࡶ℩࡜ῡࢆ୍ࡘࡎࡘྵࡴὶ㊰㛗 42–146 m㸦93.8 ± 36.7 m㸧ࡢㄪᰝ
⠊ᅖࢆタࡅ㸪ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢ₯Ỉ┠どㄪᰝࢆ⾜ࡗࡓ㸬ࡇࢀࡽࡢㄪᰝ⠊ᅖ
ࡣ㸪➨ 2❶㸦ᮌᮏ࡯࠿㸪2015㸧ࡢㄪᰝⅬࡢ࠺ࡕ St. 1–10࡜ St. 12–15࡜ྠࡌሙᡤ
࡛࠶ࡿ㸬ὶ㊰㛗㸪ୖ࣭ୗὶ➃࡜୰㛫Ⅼࡢ 3ࣧᡤࡢỈ㠃ᖜࡢᖹᆒ್࠿ࡽ⟬ฟࡋࡓ
ྛㄪᰝ⠊ᅖࡢỈ⾲㠃✚ࡣ 411–2,567 m2㸦1,035 ± 658 m2㸧࡛࠶ࡗࡓ㸦Table 3-1㸧㸬
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ὶἣᕪ࡟ࡼࡿ┠ど⋡ࡢᕪ␗ࢆ᭱ᑠ໬ࡍࡿࡓࡵ㸪Ỉ㠃ᖜࡀ⣙ 5 m௨ୗࡢሙᡤ࡛ࡣ
1ྡ㸪5–10 m࡛ࡣ 2ྡ㸪⣙ 10 m௨ୖ࡛ࡣ 3ྡࡀ㸪Ỉ୰࣓࢞ࢿ㸪ࢩࣗࣀ࣮ࢣࣝ㸪
ࢻࣛ࢖ࢫ࣮ࢶ➼ࢆ╔⏝ࡋ࡚ほᐹࡋࡓ㸬1 ྡࡢㄪᰝ࡛ࡣ㸪ὶ㊰୰࡟ᒾ▼➼ࡀ࠶ࡿ
ሙྜࡣ㌟ࢆ㞃ࡋ࡞ࡀࡽ㸪࡞࠸ሙྜࡣᓊἢ࠸࡟ୖὶ᪉ྥ࡬⛣ືࡋ࡞ࡀࡽᑐᓊࢆぢ
Ώࡋ࡚ὶ㊰඲యࢆほᐹࡋࡓ㸬2 ྡ௨ୖ࡛ࡣ㸪Ỉ㠃ᖜࢆ࡯ࡰᆒ➼࡟ㄪᰝேᩘ࡟๭
ࡾᙜ࡚㸪඲ဨࡀୖὶ᪉ྥ࡬⛣ືࡋ࡞ࡀࡽ㐍⾜᪉ྥࡢྑഃࢆ┠どࡋ㸪ྑᓊࡢㄪᰝ
⪅ࡣᕥഃࡶほᐹࡋࡓ㸦Thurow, 1994㸧㸬࠸ࡎࢀࡢሙྜࡶ㸪ୗὶഃ࠿ࡽ㟼࠿࡟₯Ỉ
ࡋ㸪ほᐹ୰ࡣᛴ⃭࡞ືࡁࢆ㑊ࡅ㸪࢔࣐ࢦ࡟ᐹ▱ࡉࢀ࡞࠸ࡼ࠺ὀពࢆᡶࡗࡓ㸬2
ྡ௨ୖࡢほᐹࡢ⤊஢᫬࡟ࡣ㸪ྛ⮬ࡢほᐹỈᇦෆࡢ࢔࣐ࢦࡢ⛣ฟධࢆ☜ㄆࡋࡓ㸬
࢔࣐ࢦࡢಶయᩘࢆ 5 cmᖜࡢ඲㛗㝵⣭ู࡟グ㘓ࡋ㸪ྛ ㄪᰝ⠊ᅖ࡛ᚓࡽࢀࡓಶయᩘ
ࢆỈ⾲㠃✚࡛㝖ࡋ࡚ 100 m2࠶ࡓࡾࡢಶయᩘᐦᗘࢆ⟬ฟࡋࡓ㸬ࡲࡓ㸪ྛ඲㛗㝵⣭
ࡢ୰ኸ್࡜ಶయᩘ࠿ࡽྛㄪᰝ༊ࡢᖹᆒ඲㛗࡜ศᩓࢆồࡵࡓ㸬෤ᮇ࡟ࡣ୍㒊ࡢㄪ
ᰝ༊࡛ᾋୖ⛶㨶ࢆㄆࡵࡓࡀ㸪ୖグࡢᾋୖ⛶㨶ศᕸㄪᰝ࡜ࡢΰྠࢆ㑊ࡅࡿࡓࡵࢹ
࣮ࢱ࡟ྵࡵ࡞࠿ࡗࡓ㸬
⤫ィゎᯒ
 ྛㄪᰝ༊ࡢ࢔࣐ࢦᾋୖ⛶㨶ࡢಶయᩘᐦᗘ㸪ᗂ㨶ᮇ௨㝆ࡢಶయᩘᐦᗘ࠾ࡼࡧ඲
㛗ศᕸ࡟ࡘ࠸࡚㸪Jonckheere-Terpstra᳨ᐃ࡟ࡼࡾὶ⛬࡟ἢࡗࡓഴྥࢆㄪ࡭ࡓ㸬ࡲ
ࡓ㸪2ᅇࡢㄪᰝ࡛ᚓࡓᾋୖ⛶㨶ࡢὶ⛬ศᕸ㸪3Ꮨ⠇ࡢᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศ
ᕸ㸪࠾ࡼࡧᾋୖ⛶㨶࡜ᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศᕸࡢ┦㛵ࢆ Spearmanࡢ㡰఩┦
㛵ಀᩘ࡛ホ౯ࡋࡓ㸬᭷ពỈ‽ࡣ 0.05࡜ࡋ㸪ᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศᕸ࡟㛵ࡍ
ࡿ 3 ᅇࡢ┦㛵ศᯒ࡛ࡣ㸪Bonferroni ⿵ṇࡋࡓ᭷ពỈ‽㸦0.017㸧ࢆ⏝࠸ࡓ㸬ࡍ࡭
࡚ࡢゎᯒࡣ⤫ィࢯࣇࢺ R㸦R Development Core Team, 2005㸧ࢆ࣮࣋ࢫ࡜ࡋࡓࣇࣜ
࣮⤫ィࢯࣇࢺ EZR㸦⚄⏣㸪2012㸧࡛⾜ࡗࡓ㸬
⤖ ᯝ
࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ
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 ᾋୖ⛶㨶ࡣᓊἢ࠸ࡢὸ࠸⦆ὶ㒊㸪᳜≀ࡸᒾࡢୗ➼࡟ከࡃࡳࡽࢀ㸪2 ᅇࡢㄪᰝ
࡛☜ㄆࡉࢀࡓ࢔࣐ࢦᾋୖ⛶㨶ࡢ⥲ಶయᩘࡣ㸪ࡑࢀࡒࢀ 1,374 ಶయ࡜ 1,476 ಶయ
࡛࠶ࡗࡓ㸦Table 3-2㸪Fig. 3-3㸧㸬୧ㄪᰝ࡟࠾ࡅࡿྛㄪᰝ༊ࡢಶయᩘࡣ㸪Sec. 2㸪3㸪
13࠾ࡼࡧ Sec. 11㸪12࡟࠾࠸࡚ࡸࡸ␗࡞ࡗ࡚࠸ࡓࡀ㸦Table 3-2㸧㸪ྛㄪᰝ༊ࡢಶ
యᩘᐦᗘࡣ➨ 1ᅇㄪᰝ࡛ 0–4.59ಶయ/100 m2㸦1.0 ± 1.5ಶయ/100 m2㸧㸪➨ 2ᅇ࡛
0–4.70ಶయ/100 m2㸦1.0 ± 1.6ಶయ/100 m2㸧ࡢ⠊ᅖ࡟࠶ࡾ㸪୧ㄪᰝ㛫࡛᭷ព࡞ᕪ
ࡣࡳࡽࢀ࡞࠿ࡗࡓ㸦Wilcoxonࡢ➢ྜ௜ࡁ㡰఩࿴᳨ᐃ㸪V = 32㸪P = 0.61㸹Table 3-2㸧㸬
ࡲࡓ㸪ྛㄪᰝ༊ࡢಶయᩘᐦᗘࡣ୧ㄪᰝ㛫࡛᭷ព࡞ṇࡢ┦㛵ࢆ♧ࡋࡓ㸦Spearman
ࡢ㡰఩┦㛵ಀᩘ㸪rs = 0.95㸪P < 0.001㸧㸬୧ㄪᰝ࡜ࡶୖὶ㒊ࡢ Sec. 11–14࡛ಶయ
ᩘᐦᗘࡀ㧗ࡃ㸦➨ 1ᅇ࡜➨ 2ᅇࡢᖹᆒ್㸸1.88–4.64ಶయ/100 m2㸧㸪࠿ࡘ㐃⥆ⓗ
࡟ᾋୖ⛶㨶ࡀ☜ㄆࡉࢀࡓ㸦Table 3-2㸪Fig. 3-3㸧㸬୍᪉㸪Sec. 1㸪Sec. 4ࡢୖὶഃ
㸦⣙ 1.1 km㸧㸪Sec. 5ࡢୗὶഃ㸦⣙ 0.6 km㸧࠾ࡼࡧ Sec. 6࡛ࡣ㸪2ᅇࡢㄪᰝ࡜ࡶ
ᾋୖ⛶㨶ࡀ࡯࡜ࢇ࡝☜ㄆࡉࢀ࡞࠿ࡗࡓ㸦Fig. 3-3㸧㸬Sec. 7–10ࡢಶయᩘᐦᗘࡣୖ
ὶ㒊ࡼࡾࡸࡸపࡃ㸦0.21–0.42ಶయ/100 m2㸧㸪Sec. 5࡛ࡣ⊃࠸⠊ᅖ㸦⣙ 0.3 km㸧
࡛ࡢࡳᒁᡤⓗ࡟ᾋୖ⛶㨶ࡀ☜ㄆࡉࢀࡓ㸦0.29ಶయ/100 m2㸧㸬Sec. 2–4ࡢಶయᩘᐦ
ᗘࡣᴟࡵ࡚ప࠿ࡗࡓ㸦0.04–0.08ಶయ/100 m2㸧㸬ྛㄪᰝ༊ࡢಶయᩘᐦᗘࡣୖὶ࡯
࡝㧗࠸ഴྥࢆ♧ࡋࡓ㸦Jonckheere-Terpstra᳨ᐃ㸪➨ 1ᅇ㸸J = 81.5㸪P < 0.001㸹
➨ 2ᅇ㸸J = 80㸪P < 0.001㸧㸬
ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢὶ⛬ศᕸ
 ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡣ Sec. 1ࢆ㝖ࡃ 13ㄪᰝ༊࡛☜ㄆࡉࢀ㸪ಶయᩘࡣኟᮇ࡟ከ
ࡃ㸪෤ᮇ࡟ᑡ࡞࠿ࡗࡓ㸦Tables 3-3-1㸪3-3-2㸪3-3-3㸧㸬ྛㄪᰝ༊ࡢಶయᩘᐦᗘࡣ
ୖὶഃࡢ Sec. 11–14࡛㧗ࡃ㸦⛅ᮇ㸸2.3–8.5ಶయ/100 m2㸹෤ᮇ㸸0.8–4.4ಶయ/100 
m2㸹ኟᮇ㸸6.2–16.5 ಶయ /100 m2㸹Fig. 3-4㸧㸪ୖὶ࡯࡝㧗࠸ഴྥࢆ♧ࡋࡓ
㸦Jonckheere-Terpstra᳨ᐃ㸪⛅ᮇ㸸J = 80.5㸪P < 0.001㸹෤ᮇ㸸J = 73㸪P < 0.01㸹
ኟᮇ㸸J = 81.5㸪P < 0.001㸧㸬ࡓࡔࡋ㸪Sec. 7࡛ࡣ⛅ᮇ࡜ኟᮇ࡟ẚ㍑ⓗ㧗࠸ᐦᗘࡀ
ほᐹࡉࢀࡓ㸦⛅ᮇ㸸2.5ಶయ/100 m2㸹ኟᮇ㸸4.1ಶయ/100 m2㸹Fig. 3-4㸧㸬ࡲࡓ㸪
ྛㄪᰝ༊ࡢಶయᩘᐦᗘࡣ␗࡞ࡿᏘ⠇㛫࡛᭷ព࡞ṇࡢ┦㛵ࢆ♧ࡋࡓ㸦⛅ᮇ࡜෤
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ᮇ㸸rs = 0.75㸪P = 0.002㸹෤ᮇ࡜ኟᮇ㸸rs = 0.76㸪P = 0.002㸹⛅ᮇ࡜ኟᮇ㸸rs = 0.92㸪
P < 0.001㸹Fig. 3-4㸧㸬ㄪᰝ༊㛫ࡢ඲㛗࡟ࡣ⛅ᮇ࡜ኟᮇ࡟᭷ព࡞ᕪࡀࡳࡽࢀ
㸦Kruskal-Wallis᳨ᐃ㸪⛅ᮇ㸸df = 11㸪Ȥ2 = 32.7㸪P < 0.001㸹෤ᮇ㸸df = 6㸪Ȥ2 = 4.3㸪
P = 0.63㸹ኟᮇ㸸df = 11㸪Ȥ2 = 85.6㸪P < 0.001㸧㸪ᖹᆒ඲㛗ࡣୖὶഃ࡯࡝ᑠࡉ࠸ഴ
ྥࢆ♧ࡋࡓ㸦Jonckheere-Terpstra᳨ᐃ㸪⛅ᮇ㸸J = 17.5㸪P = 0.03㸹ኟᮇ㸸J = 10.5㸪
P < 0.01㸹Tables 3-3-1㸪3-3-2㸪3-3-3㸧㸬ࡲࡓ㸪ྛㄪᰝ༊࡟࠾ࡅࡿ඲㛗ࡢศᩓࡣ⛅
ᮇ࡛᭷ព࡟␗࡞ࡗ࡚࠾ࡾ㸦Fligner-Killeen᳨ᐃ㸪⛅ᮇ㸸df = 11㸪Ȥ2 = 42.3㸪P <
0.001㸹෤ᮇ㸸df = 6㸪Ȥ2 = 10.4㸪P = 0.11㸹⛅ᮇ㸸df = 11㸪Ȥ2 = 17.1㸪P = 0.11㸧㸪
ࡍ࡭࡚ࡢㄪᰝ࡛ୖὶ࡯࡝኱ࡁ࠸ഴྥࡀ࠶ࡗࡓ㸦Jonckheere-Terpstra᳨ᐃ㸪⛅ᮇ㸸
J = 185.5㸪P < 0.001㸹෤ᮇ㸸 J = 118.5㸪P < 0.001㸹ኟᮇ㸸J = 177㸪P < 0.001㸧㸬
ᗂ㨶ᮇ௨㝆ࡢಶయ࡜ᾋୖ⛶㨶ࡢὶ⛬ศᕸࡢ㛵ಀ
 2004ᖺ 8᭶࡟࠾ࡅࡿྛㄪᰝ༊ࡢᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦಶయᩘᐦᗘ࡜㸪⩣ᖺ 1㸫4
᭶࡟࠾ࡅࡿᾋୖ⛶㨶ࡢಶయᩘᐦᗘࡢ㛫࡟ࡣ㸪᭷ព࡞ṇࡢ┦㛵ࡀㄆࡵࡽࢀࡓ㸦Fig. 
3-5㸹ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦ࡜➨ 1ᅇㄪᰝࡢᾋୖ⛶㨶㸸rs = 0.82㸪P < 0.001㸹ᗂ㨶
ᮇ௨㝆ࡢ࢔࣐ࢦ࡜➨ 2ᅇㄪᰝࡢᾋୖ⛶㨶㸸rs = 0.80㸪P < 0.001㸧㸬
⪃ ᐹ
ᮏ◊✲ࡣ㸪࢔࣐ࢦࡢ༡㝈௜㏆ࡢಶయ⩌࡟࠾࠸࡚㸪ᾋୖ⛶㨶࠾ࡼࡧᗂ㨶ᮇ௨㝆
ࡢಶయᩘᐦᗘࡀㄪᰝᮇ㛫ࢆ㏻ࡌ࡚ୖὶഃ࡯࡝㧗ࡃ㸪୧⪅ࡢὶ⛬ศᕸࣃࢱ࣮ࣥࡣ
୍⮴ࡋࡓഴྥࢆ♧ࡍࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬ࡲࡓ㸪ᾋୖ⛶㨶ࡢᐦᗘࡀ 2ᅇࡢㄪᰝ
㛫࡛኱ࡁ࡞ᕪࢆ♧ࡉ࡞࠿ࡗࡓࡇ࡜࠿ࡽ㸪ᮏㄪᰝࡣ⛶㨶ࡢᾋୖ┒ᮇ࡟ᐇ᪋ࡉࢀ㸪
ࡑࡢὶ⛬ศᕸࡢᐇែࢆᴫࡡᢕᥱࡍࡿࡇ࡜ࡀ࡛ࡁࡓ࡜⪃࠼ࡽࢀࡿ㸬௨ୗ࡛ࡣ㸪୧
⪅ࡢὶ⛬ศᕸࡢᡂ❧せᅉ࡜ࡑࢀࡽࡀ୍⮴ࡍࡿ⌮⏤࡟ࡘ࠸࡚⪃ᐹࡋࡓࡢࡕ㸪ྛㄪ
ᰝ༊࡟࠾ࡅࡿ⮬↛෌⏕⏘ࡢホ౯࠾ࡼࡧࡑࡢຓ㛗ࡢ᪉ἲ࡟ࡘ࠸᳨࡚ウࡍࡿ㸬
ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢὶ⛬ศᕸᡂ❧せᅉ
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 㜰⏣㸦1993㸧ࡣ㸪஑ᕞࡢᒣᆅ῱ὶ࡟࠾ࡅࡿ࣐࣓ࣖࡢ⏕ᜥᐦᗘࡀ㸪᪩℩࡜ῡࡢ
㐃⥆ᙧែࡢ๭ྜ࠾ࡼࡧἙᗋ໙㓄࡜ṇࡢ┦㛵ࢆ♧ࡍࡇ࡜ࢆሗ࿌ࡋ㸪ࡑࡢ⌮⏤࡜ࡋ
࡚㸪᪩℩࡜ῡࡢ㐃⥆ᙧែࡀࡶࡓࡽࡍỈ୰ࡢⓑἻࡸἙᗋࡢᒾࡸὶᮌࡀእᩛ࠿ࡽࡢ
࠿ࡃࢀሙᡤ࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜㸪ῡ㢌ࡀ㣵࡜࡞ࡿὶୗື≀ࡢ᭱ࡶຠ⋡ⓗ࡞౪⤥
Ⅼ࡜࡞ࡿࡇ࡜࡟ゝཬࡋ࡚࠸ࡿ㸬ࡲࡓ㸪Inoue et al.㸦1997㸧ࡣ㸪໭ᾏ㐨࡟࠾ࡅࡿࢧ
ࢡ࣐ࣛࢫᗂ㨶ࡢ⏕ᜥࢆไ㝈ࡍࡿせᅉࡀኟᮇࡢ᭱㧗Ỉ ࠾ࡼࡧỈ୰ࡢಽὶᮌ㸪Ἑ
ᓊ㒊ࡢ࠼ࡄࢀࡸ᳜⏕➼ࡢ࢝ࣂ࣮ࡢ㔞࡛࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠾ࡾ㸪ᚋ⪅ࡀࢧࢡࣛ
࣐ࢫࡢ⏕ᜥᐦᗘࢆつᐃࡍࡿ⌮⏤࡜ࡋ࡚㸪࢝ࣂ࣮ࡀዲ㐺࡞᥇㣵ሙᡤ㸪⿕㣗ࣜࢫࢡ
ࡢ㍍ῶ㸪ಶయ㛫ᖸ΅ࡢ⦆࿴స⏝➼ࢆࡶࡓࡽࡋ㸪⎔ቃ཰ᐜຊࢆ㧗ࡵࡿࡇ࡜ࢆᣦ᦬
ࡋ࡚࠸ࡿ㸬ᮏㄪᰝᆅ࡟࠾࠸࡚ಶయᩘᐦᗘࡀ㧗࠿ࡗࡓ Sec. 11–14ࡢ≀⌮⎔ቃ᮲௳
ࡣ㸪Ἑᕝᙧែᆺࡀ Aaᆺ࡛Ἑᗋ໙㓄ࡀ኱ࡁࡃ㸦2.6–21.1%㸧㸪᭱㧗Ỉ ࡀ 20°C௨
ୗ࡛࠶ࡾ㸪ୖグࡢሗ࿌ࡀ♧ࡍ⎔ቃ᮲௳࡜୍⮴ࡋ࡚࠸ࡓ㸦Table 3-1㸧㸬ᮏ◊✲࡛ࡣ
࢝ࣂ࣮ࡸὶୗື≀࡟㛵ࡍࡿᐃ㔞ⓗㄪᰝࢆᐇ᪋ࡋ࡚࠸࡞࠸ࡀ㸪Sec. 11–14ࡣ Aaᆺ
ࡢἙᕝᙧែᆺࢆ♧ࡍ࡜࡜ࡶ࡟ୗὶഃࡢㄪᰝ༊࡟ẚ࡭㇏࠿࡞Ἑ␁ᯘࢆకࡗ࡚࠾ࡾ
㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸪࠿ࡃࢀሙᡤ࡜࡞ࡿỈ୰ࡢᒾࡸ࠼ࡄࢀ㸪࠾ࡼࡧ࢔࣐ࢦࡢ㔜
せ࡞㣵⏕≀࡛࠶ࡿ㝣⏕᪻⹸㢮㸦ྡ㉺࡯࠿㸪1988㸧ࡀ┦ᑐⓗ࡟㇏ᐩ࡛࠶ࡿ࡜⪃࠼
ࡽࢀࡿ㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ㸪ᮏㄪᰝỈᇦ࡟࠾ࡅࡿᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢὶ⛬ศ
ᕸࡣ㸪᭱㧗Ỉ ࡢ࡯࠿㸪ἙᕝᙧែᆺࡸἙᗋ໙㓄࠾ࡼࡧἙ␁ᯘ࡜࠸ࡗࡓᆅᙧ᮲௳
ࡀࡶࡓࡽࡍ⎔ቃ཰ᐜຊ࡟ࡼࡾつᐃࡉࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿ㸬
࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸࡢỴᐃせᅉ
 ࢧࢣ⛉㨶㢮ࡢᾋୖ⛶㨶ࡢὶ⛬ศᕸࡣ㸪⏘༸ᗋࡢ఩⨨࡜ᾋୖ⛶㨶ࡢ⛣ືᵝᘧࡀ
┦஫࡟ᙳ㡪ࡋ࡚ᙧᡂࡉࢀࡿ࡜⪃࠼ࡽࢀࡿ㸦Foldvik et al., 2010㸧㸬ᮏㄪᰝỈᇦ࡟࠾
ࡅࡿ⏘༸ᗋࡢὶ⛬ศᕸࡣ᫂ࡽ࠿࡛ࡣ࡞࠸ࡀ㸪ᮏᕞࡢ࢔࣐ࢦ࡜஑ᕞࡢ࣐࣓࡛ࣖࡣ
ᶆ㆑෌ᤕㄪᰝ࡟ࡼࡾᙉ࠸ᐃఫᛶࡀㄆࡵࡽࢀ㸪⏘༸ሙᡤ࡜⏕άሙᡤࡀ㏆᥋ࡍࡿྍ
⬟ᛶࡀ♧ࡉࢀ࡚࠸ࡿ㸦Nakano et al., 1990㸹Sakata et al., 2005㸧㸬ࡲࡓ㸪஑ᕞࡢ࢔
࣐ࢦ࡜࢖࣓࡛࣡ࡶྠᵝࡢㄪᰝ࠿ࡽᐃఫᛶࡀ☜ㄆࡉࢀ࡚࠸ࡿ㸦ᚨග㸪2004㸹㏆⸨࣭
➉ୗ㸪2005㸧㸬ࡇࡢ࠺ࡕ㸪㏆⸨࣭➉ୗ㸦2005㸧ࡢㄪᰝᆅࡣ㸪ᮏㄪᰝỈᇦ࡟ὶධࡍ
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ࡿἼᮌྜᕝࡢୖὶ㒊࡛࠶ࡾ㸦Fig. 3-1㸧㸪Ἑᕝᙧែᆺ㸦Aaᆺ㸧㸪Ἑᗋ໙㓄㸦9–15%㸧㸪
᭱㧗Ỉ 㸦20°C௨ୗ㸧ࡣ Sec. 11–14ࡢ≀⌮⎔ቃ᮲௳࡜㢮ఝࡋ࡚࠸ࡿ㸬ࡉࡽ࡟㸪
ᚨග㸦2004㸧ࡣ Aa-Bb⛣⾜ᆺ࡛Ἑᗋ໙㓄ࡀᑠࡉ࠸㸦2.9–3.2%㸧ㄪᰝᆅ࡛ࡶ࢔࣐
ࢦࡢ㧗࠸ᐃఫᛶࢆሗ࿌ࡋ࡚࠸ࡿ㸬ᮏㄪᰝ࡛ぢࡽࢀࡓᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢὶ⛬
ศᕸࡢᏳᐃᛶ㸦Fig. 3-4㸧ࡣ㸪ࡑࢀࡽࡢ⛣ືࡀᑡ࡞࠸ࡇ࡜ࢆ཯ᫎࡍࡿࡶࡢ࡜⪃࠼
ࡽࢀࡿ㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ㸪ᮏㄪᰝỈᇦࡢ࢔࣐ࢦࡶᙉ࠸ᐃఫᛶࢆ᭷ࡋ㸪ࡑࡢ⏘
༸ᗋࡣᗂ㨶ᮇ௨㝆ࡢಶయࡢ⏕άሙᡤ௜㏆࡟ᙧᡂࡉࢀ㸪⏘༸ᗋࡢὶ⛬ศᕸࡣᗂ㨶
ᮇ௨㝆ࡢಶయࡢὶ⛬ศᕸ࡜㢮ఝࡍࡿྍ⬟ᛶࡀ㧗࠸࡜᥎ᐹࡉࢀࡿ㸬
ᾋୖ⛶㨶ࡢ⛣ືᵝᘧ࡟㛵ࡋ࡚㸪ࢧࢡ࣐ࣛࢫ࡜ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣࡢⓎ║༸ࡢᨺ
ὶᐇ㦂࡛ࡣ㸪ᾋୖ⛶㨶ࡀୖὶ࡬ࡣ࡯࡜ࢇ࡝⛣ືࡏࡎ㸪⏘༸ᗋ௜㏆࡟␃ࡲࡿ࠿ୗ
ὶ᪉ྥ࡬⛣ືࡍࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ㸦Nagata, 2002㸹Einum et al., 2011, 2012㸧㸬
ࡋ࠿ࡋ㸪ᮏㄪᰝᆅ࡛ࡣ࢔࣐ࢦࡢᾋୖ⛶㨶࡜ᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศᕸࡀ୍⮴
ࡍࡿഴྥࢆ♧ࡋࡓ㸬ୖ࡛⪃ᐹࡋࡓࡼ࠺࡟㸪ࡶࡋ࢔࣐ࢦࡢ⏘༸ᗋ࡜ᗂ㨶ᮇ௨㝆ࡢ
ಶయࡢὶ⛬ศᕸࡀ୍⮴ࡍࡿ࡞ࡽࡤ㸪ࡇࡢᾋୖ⛶㨶࡜ᗂ㨶ᮇ௨㝆ࡢಶయࡢὶ⛬ศ
ᕸࡢ୍⮴ࡣ㸪ᾋୖ┤ᚋࡢ࢔࣐ࢦ⛶㨶ࡀ⏘༸ᗋ௜㏆࡟␃ࡲࡿࡇ࡜࡛ᡂ❧ࡋࡓࡶࡢ
࡜᥎ᐹࡉࢀࡿ㸬ࡲࡓ㸪11–32 ᪥ࡢ㛫㝸ࢆ࠾࠸ࡓ 2 ᅇࡢㄪᰝࢆ㏻ࡌ࡚ᾋୖ⛶㨶ࡢ
ὶ⛬ศᕸࡀኚ໬ࡋ࡞࠿ࡗࡓࡇ࡜㸪≉࡟࡯࡜ࢇ࡝⛶㨶ࡀぢࡽࢀ࡞࠸⣙ 1 km ࡟ࢃ
ࡓࡿὶ⛬ࡀ」ᩘ㸪Ᏻᐃࡋ࡚Ꮡᅾࡋࡓࡇ࡜ࡣ㸪ᾋୖ⛶㨶ࡀ⣙ 1ࣨ᭶㛫㸪ྛㄪᰝ༊
ࡢ㛗ࡉ㸦⣙ 1 km㸧ࢆ㉸࠼ࡿࡼ࠺࡞኱ࡁ࡞⛣ືࢆࡋ࡞࠸ྍ⬟ᛶࢆ♧၀ࡍࡿ㸬
⮬↛෌⏕⏘ࡢホ౯࡜ࢰ࣮ࢽࣥࢢ⟶⌮
 ࢰ࣮ࢽࣥࢢ⟶⌮࡛ࡣ㸪ᅾ᮶ಶయ⩌ࡢಖ඲ࢆᅗࡿࡓࡵ࡟㸪ᅾ᮶ಶయ⩌ࡢศᕸࣃ
ࢱ࣮ࣥ࡜⮬↛෌⏕⏘ࡢᐇែ࡟ᇶ࡙࠸࡚⁺ሙู࡟␗࡞ࡿ㐟⁺⟶⌮࠾ࡼࡧᨺὶᡭἲ
ࡀ㐺⏝ࡉࢀࡿ㸦ᮌᮧ㸪2004㸹୰ᮧ㸪2009㸧㸬୰ᮧ㸦2009㸧ࡢࢰ࣮ࢽࣥࢢ⟶⌮ࡢᣦ
㔪࡟ࡼࢀࡤ㸪ᅾ᮶ಶయ⩌ࡀศᕸࡋ㸪⮬↛෌⏕⏘ࡀⰋዲ࡞Ỉᇦ࡛ࡣ㸪ᅾ᮶ಶయ⩌
ࡢಖ඲ࡢࡓࡵ࡟✀ⱑᨺὶࢆᐇ᪋ࡏࡎ㸪⚗⁺࡜ࡍࡿ㸬ࡲࡓ㸪ᅾ᮶ಶయ⩌ࡀᏑᅾࡋ
࡞࠸㸪ࡲࡓࡣ㣴Ṫ✀ⱑ➼ࡢ㠀ᅾ᮶ಶయ࡜ΰྜࡋ࡚࠸ࡿỈᇦ࡛ࡣ㐟⁺ࢆ⾜࠸㸪⮬
↛෌⏕⏘ࡀⰋዲ࡛࠶ࢀࡤ㸪ᙧែࡸ⏕ែࡀࡼࡾኳ↛㨶࡟㏆࠸ಶయࡢቑṪࢆᮇᚅࡋ
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࡚Ⓨ║༸ࡸ⛶㨶ࡢᨺὶࡀ᥎ዡࡉࢀࡿࡀ㸪⮬↛෌⏕⏘ࡀపㄪ࡞ሙᡤ࡛ࡣ⛶㨶ࡲࡓ
ࡣᡂ㨶ࡢᨺὶࡀ㐺⏝ࡉࢀࡿ㸬ୖ࡛᥎ᐹࡉࢀࡓࡼ࠺࡟㸪࢔࣐ࢦࡢ⏘༸ᗋ࡜ᾋୖ⛶
㨶ࡢὶ⛬ศᕸࡀ㢮ఝࡋ㸪ࡲࡓሙᡤ㛫࡛Ꮴ໬⋡ࡸึᮇ⏕ṧ⋡࡟኱ࡁ࡞㐪࠸ࡀ࡞࠸
࡜ࡍࢀࡤ㸪ᮏㄪᰝỈᇦ࡟࠾ࡅࡿ࢔࣐ࢦࡢ⮬↛෌⏕⏘ࡣᾋୖ⛶㨶ࡢὶ⛬ศᕸ
㸦Table 3-2㸧࠿ࡽホ౯ࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡾ㸪ୖὶഃࡢ Sec. 11–14࡛Ⰻዲ㸪ࡑ
ࢀࡼࡾୗὶഃ࡛పㄪࡔ࡜ホ౯ࡉࢀࡿ㸬ࡲࡓ㸪ୖὶഃㄪᰝ༊࡯࡝ᗂ㨶ᮇ௨㝆ࡢ࢔
࣐ࢦࡢಶయᩘᐦᗘࡀ㧗ࡃ㸪ࡲࡓᖹᆒ඲㛗ࡀᑠࡉࡃ㸪ࡑࡢศᩓࡀ኱ࡁ࠸ഴྥࡣ㸪
ୖὶഃ࡯࡝Ỉ ࡀప࠸ࡓࡵ࡟ᙜṓ㨶ࡢᡂ㛗ࡀ㐜࠸ࡇ࡜࡟ࡼࡿྍ⬟ᛶࡀ࠶ࡿ࡯࠿㸪
ୖὶഃࡢಶయ⩌ࡀ㸪┦ᑐⓗ࡟ከᩘࡢⱝ㱋㨶࠾ࡼࡧከᵝ࡞ᖺ⣭⩌ࢆྵࡴࡇ࡜ࢆ♧
ࡍྍ⬟ᛶࡀ࠶ࡾ㸪ୖὶഃ࡛Ᏻᐃࡋࡓ⮬↛෌⏕⏘ࡀ⾜ࢃࢀ࡚࠸ࡿࡇ࡜ࢆ཯ᫎࡋ࡚
࠸ࡿࡢ࠿ࡶࡋࢀ࡞࠸㸬ᮏㄪᰝᆅ࡟࠾ࡅࡿᅾ᮶ಶయ⩌ࡢ⏕ᜥ༊㛫ࡣ᫂ࡽ࠿࡛࡞࠸
ࡀ㸪෌⏕⏘ࡢὶ⛬ࣃࢱ࣮ࣥ࡟ᇶ࡙࠸࡚ࢰ࣮ࢽࣥࢢ⟶⌮ࢆ⾜࠺࡜ࡍࡿ࡜㸪ୖὶഃ
ࡢ Sec. 11–14࡛ࡣ෌⏕⏘ࡀⰋዲ࡜⪃࠼ࡽࢀࡿࡓࡵ㸪Ⓨ║༸ᨺὶࡲࡓࡣᨺὶࢆࡋ
࡞࠸㑅ᢥࡀ㸪୍᪉㸪Sec. 11ࡼࡾୗὶഃ࡛ࡣ୙ㄪ࡜ホ౯ࡉࢀࡿࡓࡵ࡟㸪㐟⁺ࢆ⥔
ᣢࡋࡼ࠺࡜ࡍࢀࡤ㸪⛶㨶ࡲࡓࡣᡂ㨶ࡢᨺὶࡀ᥎ዡࡉࢀࡿ㸦୰ᮧ㸪2009㸧㸬
⮬↛෌⏕⏘ࡢຓ㛗
 Sec. 11ࡼࡾୗὶഃ࡛෌⏕⏘ࡀపㄪ࡛࠶ࡗࡓཎᅉࡢ୍ࡘࡣ㸪ᗂ㨶ᮇ௨㝆ࡢಶయ
ࡢὶ⛬ศᕸ࠿ࡽุ᩿ࡋ࡚㸪࢔࣐ࢦࡢぶ㨶ᩘࡀࡑࡶࡑࡶᑡ࡞࠿ࡗࡓࡓࡵ࡜⪃࠼ࡽ
ࢀࡿ㸬ᮏㄪᰝᆅ࡟࠾ࡅࡿᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢ⏕ᜥࡣ㸪Ỉ ࠾ࡼࡧἙᕝᙧែ➼
ࡢ≀⌮⎔ቃ᮲௳ࡀࡶࡓࡽࡍ⎔ቃ཰ᐜຊ࡟つᐃࡉࢀࡿ࡜⪃࠼ࡽࢀࡿࡀ㸪ୗὶഃ࡟
ࡶᒁᡤⓗ࡟ಶయᩘᐦᗘࡢ㧗࠸ㄪᰝ༊㸦Sec. 7㸧ࡀᏑᅾࡋࡓࡇ࡜࠿ࡽ㸪ୗὶഃỈᇦ
ࡢಶయᩘᐦᗘࡢపࡉࡣ㸪ࡇࢀࡽࡢ⎔ቃせᅉࡔࡅ࡛ࡣㄝ࡛᫂ࡁ࡞࠸㸬୍᪉㸪ୗὶ
ഃ㸦≉࡟ Sec. 1–6㸧࡛ࡣ㐟⁺⪅ࡀධ῱ࡋࡸࡍ࠸ࡓࡵ㸪㔮⋓ᅽࡀ㧗࠸ࡇ࡜ࡀᣦ᦬
ࡉࢀ࡚࠸ࡿ㸦ྜྷ㔝ဴஓẶ㹙㐟⁺ᅋయ 33club㹛㸪⚾ಙ㸧㸬⁺⋓ไ㝈࡟ࡼࡾぶ㨶ᩘࢆ
ቑຍࡉࡏࡿࡇ࡜ࡣ㸪⮬↛෌⏕⏘ࡢຓ㛗ࢆᅗࡿ୍ࡘࡢ㑅ᢥ⫥࡛࠶ࡿ࡜࠸࠼ࡼ࠺㸬
ୗὶഃࡢㄪᰝ༊࡟ࡣ㸪ᾋୖ⛶㨶ࡢಶయᩘᐦᗘࡀᒁᡤⓗ࡟㧗࠸Ỉᇦࡀ」ᩘᏑᅾ
ࡋࡓ㸬≉࡟ Sec. 5ࡢୖὶഃ㸦⣙ 0.3 km㸧࡛ ࡣᾋୖ⛶㨶ࡀ㧗ᐦᗘ࡟☜ㄆࡉࢀࡓࡀ㸪
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ࡑࡢୖ࣭ ୗὶ⣙ 1 kmࡢ⠊ᅖ࡟ࡣᾋୖ⛶㨶ࡀ࡯࡜ࢇ࡝ぢࡽࢀ࡞࠿ࡗࡓ㸦Fig. 3-3㸧㸬
ᾋୖ⛶㨶ࡀ☜ㄆࡉࢀ࡞࠸Ỉᇦ࡟ࡣᒾ┙ࡢἙᗋ㸦Sec. 4ࡢୖὶഃ㸧㸪ࢺࣟ㸦Sec. 6㸧㸪
ሖሐ┤ୗ࡟࠾ࡅࡿ࢔࣮࣐࣮໬࠾ࡼࡧ㟢┙໬㸦୰ᮧ㸪2011㸧ࡋࡓἙᗋ㸦Sec. 5 ࡢ
ୗὶഃ㸧ࡀぢࡽࢀࡓࡀ㸪㧗ᐦᗘỈᇦ࡟ࡣ♟ࡢሁ✚ࡋࡓᖹ℩ࡀぢࡽࢀࡓ㸦ᮌᮏ㸪
ಶேⓗほᐹ㸧㸬ࡇࡢࡼ࠺࡞ሙᡤࡣ࢔࣐ࢦࡢ⏘༸㐺ᆅ࡛ࡶ࠶ࡾ㸪⏘༸㐺ᆅࡢ୙㊊ࡀ
ୗὶഃỈᇦ඲యࡢ⮬↛෌⏕⏘ࢆไ㝈ࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿ㸬㏆ᖺ㸪࢖࣡ࢼ࡛ࡣ
ேᕤ⏘༸ሙࢆ㐀ᡂࡋ࡚⮬↛෌⏕⏘ࢆຓ㛗ࡍࡿヨࡳࡀ⾜ࢃࢀ࡚࠸ࡿ㸦୰ᮧ㸪1999b㸧㸬
ࡇࡢ᪉ἲࡣ㸪≉࡟Ἑᕝᕤస≀ࡢᘓタ➼࡛⏘༸㐺ᆅࡀῶᑡࡋࡓᑠᨭὶ࡟࠾࠸࡚ಶ
య㛫ࡢ㔜」⏘༸࡟ࡼࡿ෌⏕⏘ࡢ㜼ᐖࢆᅇ㑊ࡍࡿ┠ⓗ࡛ᐇ᪋ࡉࢀ࡚࠸ࡿࡀ㸪⏘༸
ሙ࡟♟ࢆᩜࡃࡇ࡜࡟ࡼࡾ㸪Ἑᗋᮦᩱࡀ୙㊊ࡋࡓỈᇦ࡛ࡶ⮬↛෌⏕⏘ࢆຓ㛗࡛ࡁ
ࡿ࠿ࡶࡋࢀ࡞࠸㸬ࡓࡔࡋ㸪ศᕸ༡㝈௜㏆ࡢ࢔࣐ࢦ࡛⏘༸ሙᡤ࡜ᾋୖ⛶㨶ࡢ⏕ᜥ
ሙᡤࡀ㏆᥋ࡍࡿྍ⬟ᛶࢆ⪃៖ࡍࡿ࡜㸪ேᕤ⏘༸ሙࡢ㐀ᡂ࡟ຍ࠼㸪30 cm௨ୗࡢ
Ỉ῝࡜ 20 cm/s௨ୗࡢ⾲ᒙὶ㏿㸦ྡ㉺࡯࠿㸪1988㸧㸪20 cm/s௨ୗࡢᗏ㠃ὶ㏿࡜
ከ㔞ࡢỈ୰᳜⏕ࡸಽὶᮌ㸦Nagata and Yanai㸪2002㸧࡜࠸ࡗࡓ࢔࣐ࢦࡸࢧࢡ࣐ࣛ
ࢫࡢᾋୖ⛶㨶ࡀዲࡴ≀⌮ⓗ⎔ቃࢆྠ᫬࡟౪⤥ࡍࡿᚲせࡀ࠶ࡿ㸬
ᮏㄪᰝ࡛ࡣ㸪ከᩘࡢሖሐ➼࡛ศ᩿ࡉࢀࡓ Sec. 12–13࡟࠾࠸࡚㸪ᾋୖ⛶㨶ࡢಶ
యᩘᐦᗘࡀ㧗࠸್ࢆ♧ࡋࡓ㸬Ἑᕝᕤస≀ࡣ㸪▷ᮇⓗ࡟ࡣಶయࡢ⛣ືࢆไ㝈ࡋ࡚
ୖὶഃ࡟࠾ࡅࡿᅇ㐟ᛶ㨶㢮ࡢ⤯⁛ࢆࡶࡓࡽࡍ࡯࠿㸦୰㔝࡯࠿㸪1995㸧㸪୰࣭㛗ᮇ
ⓗ࡟ࡣ◁♟ࡢ⛣ືࡢไ㝈࡟ࡼࡾ㸪ୖὶഃ࡛ࡣ◁♟ࡢሁ✚㸪ୗὶഃ࡛ࡣὶኻࡀ㐍
⾜ࡋ㸪⏘༸ሙᡤࡸ⛶㨶ࡢ⏕ᜥሙᡤ➼ࢆࡶࡓࡽࡍἙᕝ⎔ቃࡢከᵝᛶࡀኻࢃࢀࡿࡇ
࡜ࡀ▱ࡽࢀࡿ㸦๓ᕝ㸪2000㸹୰ᮧ㸪2011㸧㸬୍᪉㸪ᐃఫᛶࢆ♧ࡍ㨶㢮࡟ᑐࡋ࡚ࡣ
ࡇࢀࡽࡢᝏᙳ㡪ࡀẚ㍑ⓗᑠࡉ࠸࡯࠿㸦୰㔝࡯࠿㸪1995㸧㸪ᕤస≀ୗὶഃࡢἙᗋࡢ
㟢┙໬ࡣᕤస≀タ⨨ᚋࡢ᫬㛫⤒㐣࡟ᚑࡗ࡚㐍⾜ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦୰ᮧ㸪
2011㸧㸬ᮏㄪᰝỈᇦࡢ࢔࣐ࢦࡣἙᕝᆺಶయ⩌࡛࠶ࡾᐃఫᛶࡀ㧗࠸࡜⪃࠼ࡽࢀࡿࡇ
࡜㸪ࡲࡓ Sec. 12–13࡟Ꮡᅾࡍࡿ 2ࡘࡢ኱ࡁ࡞◁㜵ࢲ࣒ࡀẚ㍑ⓗ᭱㏆㸦1972ᖺ࡜
1995ᖺ㸧❹ᕤࡋࡓࡇ࡜࠿ࡽ㸪ㄪᰝᐇ᪋᫬Ⅼ࡛ࡣ㸪ᙜヱỈᇦࡢ࢔࣐ࢦࡢ⮬↛෌⏕
⏘࡟ᑐࡍࡿศ᩿໬ࡢᙳ㡪ࡣᑡ࡞࠿ࡗࡓࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ㸪Ἑᕝᕤస≀
࡟ࡼࡾᑠ㞟ᅋ໬ࡉࢀࡓ㝸㞳ಶయ⩌࡟࠾࠸࡚㸪㛗ᮇⓗ࡟ࡣ㸪ಶయᩘኚືࡢ☜⋡ᛶ
39
ࡸ㑇ఏⓗຎ໬࡟ࡼࡗ࡚⤯⁛☜⋡ࡀ㧗ࡲࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠾ࡾ㸦᳃⏣࣭ᒣᮏ㸪
2004㸧㸪ᐃఫᛶࡀ㧗࠸࡜ࡉࢀࡿἙᕝᆺࡢ࢖࣡ࢼ࡜࢔࣐ࢦ࡟࠾࠸࡚ࡶ㸪◁㜵ሖሐ࡛
ศ᩿ࡉࢀࡓ㝸㞳ಶయ⩌ࡀ⤯⁛ࡍࡿ஦౛ࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸦㐲⸨࡯࠿㸪2006㸧㸬ࡲ
ࡓ㸪㏆ᖺ㸪ேᕤ✀ⱑࡢᨺὶ࡟ࡼࡾ඲ᅜⓗ࡟ῶᑡࡋ࡚࠸ࡿࢧࢣ⛉㨶㢮ࡢᅾ᮶ಶయ
⩌ࡣ㸪ሖሐ➼ࡢୖὶഃ࡟㝸㞳ಶయ⩌ࡢ≧ែ࡛⏕ᜥࡋ࡚࠸ࡿሙྜࡀከࡃ㸦୰ᮧ㸪
2009㸧㸪ྠ ᵝ࡟⤯⁛ࡢྍ⬟ᛶࡀ༴᝹ࡉࢀ࡚࠸ࡿ㸦Kawamura et al., 2007㸹Kubota et 
al., 2007㸧㸬ᅾ᮶ಶయ⩌ࡢ⤯⁛ࢆᅇ㑊ࡍࡿࡓࡵ࡟ࡣ㸪ࡑࡢ㑇ఏⓗከᵝᛶ࡜⊂⮬ᛶ
ࡀྠ᫬࡟☜ಖࡉࢀࡿᚲせࡀ࠶ࡿࡇ࡜࠿ࡽ㸪ᅾ᮶ಶయ⩌㛫࡟࠾ࡅࡿಶయࡢ⛣᳜ࡸ
㠀ᅾ᮶ಶయࡢ㝖ཤ➼㸪㑇ఏᏛⓗ᝟ሗ࡟ᇶ࡙࠸ࡓಶయ⩌⟶⌮ࢆᐇ᪋ࡍࡿࡇ࡜ࡀᥦ
᱌ࡉࢀ࡚࠸ࡿ㸦Kawamura et al., 2007㸹Sato et al., 2010㸧㸬ᮏㄪᰝỈᇦ࡟࠾࠸࡚ࡶ㸪
ሖሐ➼࡛ศ᩿ࡉࢀࡓ㝸㞳ಶయ⩌ࡀᏑᅾࡍࡿࡇ࡜㸪≉࡟᭱ୖὶ㒊ࡢ Sec. 14࡟ࡣබ
ⓗ࡞ᨺὶグ㘓ࡀ࡞ࡃ㸪ᅾ᮶ಶయ⩌ࡀ⏕ᜥࡍࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࡇ࡜࠿ࡽ㸦኱
㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࠿ࡽࡢ᝟ሗ㸧㸪௒ᚋࡣ㸪ᅾ᮶ಶయ⩌ࡢ᥈⣴ࢆྵࡴ㑇ఏⓗᵓ㐀ࡢ
⌧≧ᢕᥱࡸࣔࢽࢱࣜࣥࢢࢆ⾜࠸㸪㑇ఏᏛⓗ᝟ሗࢆ⵳✚ࡍࡿᚲせࡀ࠶ࡿ㸬
௒ᚋࡢㄢ㢟
 ᮏ◊✲࡛ࡣ㸪ᾋୖ┤ᚋࡢ࢔࣐ࢦ⛶㨶ࡀ⏘༸ᗋ௜㏆࡟␃ࡲࡿྍ⬟ᛶࢆ♧၀ࡋࡓ
ࡀ㸪ᩘ✀ࡢࢧࢣ⛉㨶㢮࡛ࡣ㸪ᾋୖ⛶㨶ࡢ୍㒊ࡀᵝࠎ࡞⛬ᗘ㸦0.1–2.0 km㸧࡛ᐦ
ᗘ౫Ꮡⓗ࡟ὶୗࡍࡿࡇ࡜ࡀ▱ࡽࢀ㸦Nagata, 2002㸹Foldvik et al., 2010㸧㸪⛣ື࡟
ࡼࡿ⿕㣗ࣜࢫࢡ࡜⛣ືඛ࡛ᚓࡽࢀࡿ㧗ᡂ㛗ࡣࢺ࣮ࣞࢻ࢜ࣇࡢ㛵ಀ࡟࠶ࡿ࡜࠸࠺
㸦Einum et al., 2011, 2012㸧㸬ᮏ◊✲࡛ࡣ㸪Ἑᕝᆺ࢔࣐ࢦಶయ⩌ࡢ⏕ᜥሙᡤ඲యࢆ
ᑐ㇟࡟ὶᇦࢫࢣ࣮ࣝࡢㄪᰝࢆ⾜࠸㸪ྛㄪᰝ༊ࡢ㛗ࡉࢆ⣙ 1 km ࡜ࡋࡓࡓࡵ㸪ࡑ
ࢀ௨ୗࡢࢫࢣ࣮ࣝ࡟࠾ࡅࡿᾋୖ⛶㨶ࡢ⛣ືࢆ᳨ฟࡋ࡚࠸࡞࠸㸬ᾋୖ⛶㨶ᮇ࡟ᐦ
ᗘ౫Ꮡⓗ࡞⛣ືࡀ⏕ࡌࡿ࡜ࡍࢀࡤ㸪⎔ቃ཰ᐜຊ࡟ẚࡋ࡚㐣๫࡞Ⓨ║༸ࡸ⛶㨶ࡀ
ᨺὶࡉࢀࡓሙྜ࡟ࡣ㸪ࡑࢀࡽࡢᨺὶຠᯝࡀపୗࡍࡿࡔࡅ࡛ࡣ࡞ࡃ㸪ኳ↛ࡢᾋୖ
⛶㨶ࡢ⏕ṧ࡟ࡶᝏᙳ㡪ࢆ୚࠼ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸬௒ᚋࡣ㸪ࡼࡾ⣽࠿࠸ࢫࢣ
࣮ࣝࡢㄪᰝࢆ⾜࠸㸪࢔࣐ࢦᾋୖ⛶㨶࡟࠾ࡅࡿࡼࡾヲ⣽࡞⛣ືᵝᘧࢆᢕᥱࡍࡿᚲ
せࡀ࠶ࡿ㸬
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Fig. 3-1. Sections established in the Ogata River and its tributaries (Kohbaru and 
Hakiai streams), northeastern Kyushu Island, Japan.
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Fig. 3-2. Survey schedule to clarify the longitudinal distribution of newly emerged fry 
of amago in 14 sections in the Ogata River and its tributary, the Kohbaru Stream, from 
January to April in 2005. Closed inverted triangles: estimated dates when cumulative 
water temperature reached 800°C from November 1, 2004 (amago fry have been 
reported to emerge from the spawning redd at 800°C). Open circles: first survey dates; 
open triangles: second survey dates; two surveys were conducted for each section at 
intervals of 11–32 days.
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Fig. 3-3. Longitudinal distribution of newly emerged fry of amago observed in a 16.4 
km stretch of the Ogata River and its tributary, the Kohbaru Stream, in the first (top) 
and second (bottom) surveys, conducted from 7 January to 28 March 2005 and from 21 
January to 17 April 2005, respectively (see Fig. 2). Amago fry counted by snorkelers 
moving upstream (Sections 1–14). Arrows in Sec. 6 and 14 indicate locations of water 
falls of height >10 m, and others, man-made dams of height > 1 m.
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Fig. 3-4. Longitudinal changes in density of post-fry amago in 14 sections established 
in the Ogata River and its tributary, the Kohbaru Stream, in October 2003, February 
2004 and August 2004. Amago counted by snorkelers for ca. 100 m in each section.
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Fig. 3-5. Relationship between density of newly emerged fry (surveyed from 7 January 
to 28 March, 2005) and that of post-fry amago (density assessed in August 2004) in 14 
sections established in the Ogata River and its triburary, the Kohbaru Stream.
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ࡓࡵ࡟㸪₯Ỉ┠どほᐹ࡟ࡼࡾ࢔࣐ࢦᾋୖ⛶㨶ࡢศᕸࢆㄪ࡭㸪⎔ቃኚ㔞࡜ࡢ㛵ಀ
ࢆ୍⯡໬⥺ᙧΰྜࣔࢹࣝ㸦GLMM㸧࡟ࡼࡾゎᯒࡋࡓ㸬ࡓࡔࡋ㸪Ἑᕝᛶࢧࢣ⛉㨶
㢮ࡢຍධ㔞ࡣᖺኚືࡀ኱ࡁࡃ㸦Nakano and Nagoshi, 1985㸹ஂಖ⏣࡯࠿㸪2001㸧㸪
ࢧࢡ࣐ࣛࢫ࡜ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣ Salmo salar ࡢᾋୖ⛶㨶࡛ࡣᐦᗘ౫Ꮡⓗ࡞⛣ື
ࡀሗ࿌ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸦Nagata, 2002㸹Einum et al., 2011, 2012㸧㸪ຍධ㔞࡟
ࡼࡗ࡚ࡣ⛶㨶ࡀ⛣ືࡍࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸬⛣ື୰ࡢ⛶㨶ࡣ㸪ᮏ᮶ࡣ฼⏝ࡋ
࡞࠸୙㐺ᙜ࡞ሙᡤ࡟ᐃ఩ࡍࡿྍ⬟ᛶࡀ࠶ࡿࡓࡵ㸪1 ᅇࡢほᐹ࡟ᇶ࡙ࡃ᥎ᐃࡣㄗ
ࡗࡓ⤖ㄽࢆ⏕ࡴ༴㝤ᛶࡀ⪃࠼ࡽࢀࡿ㸬ࡑࡇ࡛㸪ᮏ◊✲࡛ࡣ」ᩘᖺ㸪」ᩘᅇ࡟ࢃ
ࡓࡗ࡚ㄪᰝࢆ⾜࠸㸪ᖺࡈ࡜࡟ᾋୖ⛶㨶ಶయᩘ࡜┦㛵ࡍࡿ⎔ቃせᅉࢆ᥎ᐃࡋࡓࡢ
ࡕ㸪඲య࡟ඹ㏻ࡍࡿせᅉࢆ⪃ᐹࡋࡓ㸬
ᮦᩱ࡜᪉ἲ
ㄪᰝሙᡤ࡜ㄪᰝ༊⏬
኱㔝ᕝỈ⣔⥴᪉ᕝࡣ㸪኱ศ┴➉⏣ᕷࡢ㉺ᩜᓅ㸦ᶆ㧗 1,060 m㸧࠿ࡽⓎࡋ㸪⣙
12 kmᮾὶࡋ࡚♽ẕᒣ㸦1,756 m㸧࡟Ỉ※ࢆᣢࡘᨭὶ⚄ཎᕝ࡜ྜὶࡋࡓࡢࡕ㸪⣙
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25 km໭ᮾ᪉ྥ࡟ὶୗࡋ㸪Ἑཱྀ࠿ࡽ⣙ 52 kmᆅⅬࡢ኱㔝ᕝ࡟ὶධࡍࡿ㸬ᮏ◊✲
࡛ࡣ㸪⚄ཎᕝ࡜ࡢྜὶⅬ࠿ࡽ⣙ 1,800 mୗὶࡢྲྀỈሖሐ㸦ⴠᕪ⣙ 1.4 m㸪㨶㐨࡞
ࡋ㸧ࢆᇶⅬ࡜ࡋ㸪⣙ 1,400 mୖὶࡢ⮬↛⁪㸦ⴠᕪ⣙ 11 m㸧ࡲ࡛ࢆㄪᰝỈᇦ࡜ࡋ
ࡓ㸦Fig. 4-1㸧㸬Ἑᕝᙧែᆺࡣ Aa-Bb⛣⾜ᆺ㸦ྍඣ㸪1978㸧㸪ᶆ㧗ࡣ 280–290 m㸪
Ἑᗋ໙㓄ࡣ 0.7%㸦1/140㸧࡛ ࠶ࡾ㸪࢔࣐ࢦ௨እ࡟ࢱ࢝ࣁࣖ Phoxinus oxycephalus㸪
࢘ࢢ࢖ Tribolodon hakonensis㸪࣒࢝࣡ࢶ Candidia temminckiiࡀከࡃ⏕ᜥࡍࡿ㸦ᮌ
ᮏ࡯࠿㸪2015㸧㸬ㄪᰝᮇ㛫୰㸪ᮏㄪᰝỈᇦ࡛࢔࣐ࢦ⛶㨶ࡣᨺὶࡉࢀ࡞࠿ࡗࡓ㸬2007
ᖺ 1᭶࡟㸪ㄪᰝỈᇦࡢἢᓊ࡟ᇶⅬ࠿ࡽ 25 m࠾ࡁ࡟ࣛࢵ࣮࢝ࢫࣉ࣮࡛ࣞ␒ྕࢆ
グࡋ࡚ᶆⅬ࡜ࡋ㸪ᶆⅬ࡛༊ษࡽࢀࡓ 25 mࡢὶ㊰ࢆ 1 ༊⏬㸦section㸧࡜ࡋ࡚ 56
ಶࡢ༊⏬㸦ྜィ 1,400 m㸧ࢆタࡅࡓ㸬ྛ༊⏬ࡣ㸪ᇶⅬ࠿ࡽୖὶ᪉ྥ࡟␒ྕࢆ௜
ࡋ࡚༊⏬ 1࠿ࡽ༊⏬ 56࡜ࡋࡓ㸬1༊⏬ࡢ㛗ࡉࢆ 25 m࡜ࡋࡓ⌮⏤ࡣ㸪୍⯡ⓗ࡟
ྛὶ㊰༢఩㸦℩㸪ῡ➼㸧ࡢ㛗ࡉࡀᖹᆒỈ㠃ᖜ௨ୖ࡛࠶ࡾ㸦Bisson et al., 2006㸧㸪
ᅜෆࡢἙᕝ୰ὶᇦ࡛ࡣ⣙ 1.5–3.5ಸ࡛࠶ࡿࡇ࡜㸦ⴛሙ࡯࠿㸪2003a㸧㸪࠾ࡼࡧᮏㄪ
ᰝỈᇦࡢᖹᆒỈ㠃ᖜࡀ 12.7 m࡛࠶ࡗࡓࡇ࡜࡟ࡼࡿ㸦Table 1㸧㸬ᮏㄪᰝỈᇦࡢᬒ
ほࡣ༊⏬ 37௜㏆ࢆቃ࡟ୖ࣭ୗὶഃ࡛␗࡞ࡾ㸪ୖ ὶഃ࡛ࡣ୧ᓊࡀษࡾ❧ࡕỈ῝ࡀ
኱ࡁ࠸Ἑ㐨⊃✽㒊㸦ࢦࣝࢪࣗ㸧ࡢᬒほࢆ♧ࡋࡓ㸦Fig. 1㸧㸬
⎔ቃኚ㔞ࡢ ᐃ
 2007ᖺ 4᭶࡟ྛᶆⅬ࡛Ỉ㠃ᖜ㸪᭱኱Ỉ῝㸪ᕥྑᓊἢ࠸ࡢỈ῝㸦௨ୗ㸪ἢᓊỈ
῝㸧࡜ὶ㏿ࢆ ᐃࡋࡓ㸬᭱኱Ỉ῝ࡣ㸪ὶ㊰ࢆᶓษࡾ࡞ࡀࡽ⟽ᑻࡲࡓࡣ㗽௜ࡁࣟ
࣮ࣉ࡛ ᐃࡋࡓ㸬ἢᓊỈ῝࡜ὶ㏿ࡣ㸪࢔࣐ࢦࡸࢧࢡ࣐ࣛࢫࡢᾋୖ⛶㨶ࡀᓊἢ࠸
ࡢሙᡤࢆዲࡴ㸦ྡ㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸧ࡇ࡜࠿ࡽ㸪Ỉ㝿࠿ࡽ
⣙ 40 cmࡢ఩⨨࡛ ᐃࡋࡓ㸬࡞࠾㸪῝࠸ሙᡤ࡛ࡣᦠᖏࣉࣟ࣌ࣛᘧὶ㏿ィ㸦3631
ᆺ㸪ᶓἙ㟁ᶵ㸧࡟ࡼࡿ ᐃࡀ୙ྍ⬟࡛࠶ࡗࡓࡓࡵ㸪࢔࣐ࢦ࠾ࡼࡧࢧࢡ࣐ࣛࢫࡢ
ᾋୖ⛶㨶࡛ሗ࿌ࡉࢀ࡚࠸ࡿᐃ఩Ỉ 㸦῝⣙ 20 cm㸹ྡ ㉺࡯࠿㸪1988㸹Nagata and Yanai, 
2002㸹ⱝᯘ࡯࠿㸪2003㸧ࢆཧ⪃࡟㸪40 cmᮍ‶ࡢỈ῝࡛ࡣ 60%Ỉ῝㸪40 cm௨
ୖ࡛ࡣỈ㠃࠿ࡽ 24 cmࡢὶ㏿ࢆ ᐃࡋࡓ㸬ࡲࡓ㸪Ỉ㠃ࡢⓑἼ❧ࡕ࡟ᇶ࡙࠸ 㸦࡚ྍ
ඣ㸪1978㸹Bisson et al., 2006㸧㸪ㄪᰝỈᇦෆ࡟ 14ಶࡢ᪩℩㸦riffle㸧ࢆ≉ᐃࡋ㸦Fig. 
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1㸧㸪ὶ㊰㛗࡜୰ኸ㒊ࡢ᭱኱Ỉ῝ࢆ ᐃࡋࡓ㸬ࡇࢀࡽࡣㄪᰝᮇ㛫ࢆ㏻ࡌ࡚ྠࡌ఩
⨨࡟Ꮡᅾࡋࡓࡀ㸪2008ᖺ⛅࡟༊⏬ 50ࡢୖὶ➃㸦1,250 mᶆⅬ㸧࡟᪂ࡋ࠸᪩℩ࡀ
1 ࡘ⌧ࢀࡓࡓࡵ㸦Fig. 1㸧㸪௜㏆ࡢ⎔ቃኚ㔞ࢆ ᐃࡋࡓ㸬ྛ༊⏬ࡢୖ࣭ୗὶഃᶆ
Ⅼࡢ⎔ቃኚ㔞ࢆᖹᆒࡋ㸪༊⏬ࡢỈ㠃ᖜ㸪᭱኱Ỉ῝㸪ᕥྑᓊูࡢἢᓊỈ῝㸪ὶ㏿
࡜ࡋࡓ㸬᪩℩ࢆྵࡴ༊⏬࡛ࡣ᭱኱Ỉ῝ࡢ⟬ฟ࡟᪩℩୰ኸ㒊ࡢỈ῝ࢆྵࡵࡓ㸬ࡲ
ࡓ㸪Ỉ୰࠾ࡼࡧỈ㠃࠿ࡽ⣙ 20 cm௨ෆࡢ㧗ࡉ࡟࠶ࡿỈ㝿ࡢ㝣⏕࣭Ỉ⏕᳜≀᳜⏕
ࡢὶ㊰᪉ྥࡢ㛗ࡉࢆ༊⏬ࡈ࡜࡟ ᐃࡋ㸪ὶ㊰㛗࡛㝖ࡋ࡚ᕥྑᓊูࡢ᳜≀⿕ᗘ࡜
ࡋࡓ㸬᳜ ≀యࡀ 1–ᩘᮏࡢሙྜࡢ᳜≀⿕ᗘࡣ 1%࡜ࡋࡓ㸬ྛ ⎔ቃኚ㔞ࡢᩘ್ࢆTable 
4-1࡟♧ࡋࡓ㸬
ㄪᰝ༊⏬ࡢศ㢮
 ༊⏬ࡢタᐃ᫬࡟㸪Ỉ㠃ࡢἼ❧ࡕ㸪ὶ㏿㸪Ỉ῝࡟ᇶ࡙࠸࡚㸦ྍඣ㸪1978㸹ⴛሙ
࡯࠿㸪2002㸪2003a㸹Bisson et al., 1982, 2006㸧㸪ㄪᰝỈᇦෆ࡟௨ୗࡢ 3✀㢮ࡢὶ
㊰༢఩ࢆ≉ᐃࡋࡓ㸬᪩℩㸦riffle㸧㸸ⓑἼࡀ❧ࡕὶ㏿ࡀ኱ࡁࡃỈ῝ࡀᑠࡉ࠸㸹ῡ
㸦pool㸧㸸Ỉ㠃ࡀἼ❧ࡓࡎὶ㏿ࡀᑠࡉࡃỈ῝ࡀ኱ࡁ࠸㸹ᖹ℩㸦glide㸧㸸ῡ࠿ࡽ᪩
℩࡬ࡢ⛣⾜㒊ศ࡛࠶ࡾ㸪Ἴ❧ࡕࡀᑠࡉࡃỈ῝ࡀᑠࡉ࠸㸬ࡓࡔࡋ㸪ᮏ◊✲࡛ࡣὶ
㊰༢఩ࡢቃ⏺࡜↓㛵ಀ࡟ᶆⅬࢆタᐃࡋࡓࡓࡵ㸪ྛ༊⏬ࡀ」ᩘࡢὶ㊰༢఩ࢆྵࡴ
ሙྜࡀ࠶ࡗࡓ㸬ࡲࡓ㸪ὶ㊰༢఩㛫࡟᫂☜࡞ቃ⏺ࢆᐃࡵࡿࡇ࡜ࡣᮏ㉁ⓗ࡟ᅔ㞴࡛
࠶ࡿ㸦ྍඣ㸪1978㸹ⴛሙ࡯࠿㸪2002㸹Bisson et al., 2006㸧㸬ࡑࡇ࡛㸪௨ୗࡢᇶ‽
࡟ࡼࡾྛ༊⏬ࢆᖹ℩㸦G: glide㸧㸪ᖹ℩–᪩℩㸦GR: glide-riffle㸧㸪᪩℩㸦R: riffle㸧㸪
᪩℩–ῡ㸦RP: riffle-pool㸧㸪ῡ㸦P: pool㸧㸪ῡ–ᖹ℩㸦PG: pool-glide㸧ࡢ 6✀㢮࡟
ศࡅࡓ㸬ࡲࡎ㸪᪩℩ࢆྵࡴ༊⏬࡟ࡘ࠸࡚㸪᪩℩ࡀ༊⏬඲యࡲࡓࡣ୰ኸ࡟࠶ࡿሙ
ྜࢆ᪩℩㸦R㸧㸪ୗὶഃ࡟೫ࡿሙྜࢆᖹ℩–᪩℩㸦GR㸧㸪ୖὶഃ࡟೫ࡿሙྜࢆ᪩
℩–ῡ㸦RP㸧࡜ࡋࡓ㸬ḟ࡟㸪ୖグࡢ࠺ࡕ 2✀㢮ࡢ༊⏬㸦R, GR㸧ࡢ࠸ࡎࢀ࠿࡜ୗ
ὶഃ࡛᥋ࡍࡿ༊⏬ࢆ᪩℩–ῡ㸦RP㸧࡜ࡋ㸪ୖグ 3✀㢮ࡢ༊⏬㸦GR, R, RP㸧ࡢ࠸
ࡎࢀ࠿࡜ୖὶഃ࡛᥋ࡍࡿ༊⏬ࡢ࠺ࡕ㸪Ỉ㠃ࡀἼ❧ࡓ࡞࠸༊⏬ࢆῡ㸦P㸧㸪ࡋࢃࡢ
ࡼ࠺࡞ᑠἼࡀ❧ࡘ㸦ྍඣ㸪1978㸸Ỉ㔝࣭ᚚໃ㸪2000㸧༊⏬ࢆᖹ℩㸦G㸧㸪ୗὶ᪉
ྥ࡟ῡ࠿ࡽᖹ℩࡟ኚ໬ࡍࡿ༊⏬ࢆῡ–ᖹ℩㸦PG㸧࡜ࡋࡓ㸬ࡉࡽ࡟㸪ᖹ℩㸦G㸧࡜
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ୖὶഃ࡛᥋ࡍࡿ༊⏬ࢆྠࡌᇶ‽࡛ῡ㸦P㸧㸪ᖹ℩㸦G㸧㸪ῡ–ᖹ℩㸦PG㸧࡟ศࡅ㸪
ࡑࢀ௨እࢆࡍ࡭࡚ῡ㸦P㸧࡜ࡋࡓ㸬ࡇࡢ⤖ᯝ㸪2 ༊⏬ࡀᖹ℩㸪4 ༊⏬ࡀᖹ℩–᪩
℩㸪5༊⏬ࡀ᪩℩㸪11༊⏬ࡀ᪩℩–ῡ㸪29༊⏬ࡀῡ㸪5༊⏬ࡀῡ–ᖹ℩࡟ศ㢮ࡉ
ࢀࡓ㸬࡞࠾㸪༊⏬ 50࡜ 51ࡣ㸪2008ᖺ⛅ᮇ࡟᪂ࡋ࠸᪩℩ࡀฟ⌧ࡍࡿ๓ࡣῡ㸪ࡑ
ࡢᚋࡣࡑࢀࡒࢀ᪩℩–ῡ㸪ῡ–ᖹ℩࡜ࡋࡓ㸬
⏘༸ㄪᰝ
 ⛶㨶ࡢศᕸㄪᰝࢆ⾜࠺๓ᖺ㸦2006–2008ᖺ㸧ࡢ 10᭶ึ᪪–12᭶ୖ᪪࡟㸪ㄪᰝ
Ỉᇦࢆ㋃ᰝࡋ࡚࢔࣐ࢦࡢ⏘༸≧ἣࢆㄪ࡭ࡓ㸬Ἑᕝᆺ࣐࣓ࣖࡢ㞤ಶయࡣ⏘༸࡟ 3–
4᪥㛫ࢆせࡍࡿࡇ࡜࠿ࡽ㸦ᮌᮧ㸪1972㸧㸪ㄪᰝ㢖ᗘࡣ࡯ࡰ 3᪥࡟ 1ᅇ࡜ࡋࡓ㸬ㄪ
ᰝࡣ㝣ୖ࠿ࡽࡢ⫗║ほᐹ࡜ࡋ㸪ᗏ㉁⾲㠃ࡢᅵ◁ࡸ⸴㢮➼ࡀ㝖࠿ࢀ࿘ᅖࡼࡾ᫂ࡿ
ࡃኚⰍࡋࡓἙᗋ㒊ศࢆ࢔࣐ࢦࡢ⏘༸ᗋ࡜ࡳ࡞ࡋ 1/2,500 ࡢᆅᅗୖ࡟グ㘓ࡋࡓ㸬
࢔࣐ࢦࡢ⏘༸ሙᡤ࡜ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ࡜ࡢ఩⨨㛵ಀࢆㄪ࡭ࡿࡓࡵ㸪ࡍ࡭࡚ࡢ
༊⏬ࡢ୰ᚰ࠿ࡽୖὶഃࡢ᭱ᐤࡾࡢ⏘༸ᗋࢆྵࡴ༊⏬ࡢ୰ᚰࡲ࡛ࡢ㊥㞳ࢆồࡵ㸪
⏘༸ᗋ࠿ࡽࡢ㊥㞳࡜ࡋࡓ㸬ㄪᰝỈᇦෆ࡛ୖὶഃ࡟⏘༸ᗋࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓ༊
⏬࡟ࡘ࠸࡚ࡣ㸪ㄪᰝỈᇦୖὶ➃ࡢ⮬↛⁪࠿ࡽ 100 mୖὶ࡟࠶ࡿᖹ℩ࢆ㸪᭱ࡶ㏆
࠸⏘༸ሙᡤ࡜௬ᐃࡋ࡚㊥㞳ࢆ⟬ฟࡋࡓ㸬ࡇࡢᖹ℩࡜⮬↛⁪ࡢ㛫ࡢ༊㛫ࡣ໙㓄ࡀ
኱ࡁࡃ㸪࢔࣐ࢦࡢ⏘༸ࡣ୙ྍ⬟࡛࠶ࡿ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࡇࡢᖹ℩࡛ࡣ⏘༸
ᗋࡢ᭷↓ࢆㄪᰝࡋ࡚࠸࡞࠸ࡓࡵ㸪ୖὶഃ࡟⏘༸ᗋࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓ༊⏬ࡢ⏘
༸ᗋ࠿ࡽࡢ㊥㞳ࡣ㐣ᑠホ౯࡟࡞ࡿྍ⬟ᛶࡀ࠶ࡿ㸬ࡓࡔࡋ㸪ࡇࢀࡽࡢ༊⏬ࡢ⛶㨶
ಶయᩘࡣᑡ࡞࠿ࡗࡓࡓࡵ㸦ᚋ㏙㸧㸪ゎᯒ࡬ࡢᙳ㡪ࡣᑡ࡞࠸࡜ุ᩿ࡋࡓ㸬
₯Ỉ┠どほᐹ
 2007–2009 ᖺࡢ 1–3 ᭶࡟」ᩘᅇࡢ₯Ỉ┠どほᐹࢆ⾜࠸㸪࢔࣐ࢦᾋୖ⛶㨶ࡢศ
ᕸࢆㄪ࡭ࡓ㸬ᮏ◊✲࡛ࡣ㸪ஂಖ㸦1980㸧ࢆཧ⪃࡟㸪ὸࡃὶ㏿ࡀᑠࡉ࠸ᓊἢ࠸ࡢ
ሙᡤࢆ฼⏝ࡍࡿ඲㛗 5–6cmࡲ࡛ࡢಶయࢆᾋୖ⛶㨶࡜ᐃ⩏ࡋࡓ㸬2007ᖺ࡟ࡣほᐹ
ྍ⬟ᮇ㛫ࢆᢕᥱࡍࡿࡓࡵ࡟ 1᭶ึ᪪࠿ࡽ 3᭶ୗ᪪࡟ 1ᅇ/㐌ࡢ㢖ᗘ࡛ 11ᅇࡢㄪ
ᰝࢆ⾜࠸㸪ᾋୖ⛶㨶ࡀᙜヱᮇ㛫ෆ࡟ほᐹࡉࢀࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬୍᪉㸪ྠᖺ 3
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᭶ᮎ࡟᪩℩ὶᚰ㒊࡟⏕ᜥࡋ࡚࠸ࡓ⛶㨶ࡢ඲㛗ࡣ 4.7–8.3㸦6.5 ± 1.0㸧cm࡛࠶ࡾ㸦n
= 17㸹඲㛗 ᐃᚋ࡟ࡍ࡭࡚ᨺὶ㸹ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸪ࡇࡢ᫬ᮇ࡟㸪Ỉ῝࡜ὶ㏿
ࡀ኱ࡁ࡞ὶᚰ㒊࡬ࡢᚤ⏕ᜥሙᡤኚ໬㸦ྡ㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸹
ⱝᯘ࡯࠿㸪2003㸧ࡀ⏕ࡌࡿ࡜᥎ᐃࡉࢀࡓ㸬ࡋࡓࡀࡗ࡚㸪2008 ᖺ࡜ 2009 ᖺࡢㄪ
ᰝࡶ 1–3᭶࡟ᐇ᪋ࡋ㸪๓⪅࡛ࡣ 1ᅇ/᭶ࡢ㢖ᗘ࡛ 3ᅇ㸪ᚋ⪅࡛ࡣ 1᭶࡟ 1ᅇ㸪2–
3᭶࡟ྛ 2ᅇࡢィ 5ᅇ࡜ࡋࡓ㸬ㄪᰝࡣ᪥୰㸦9–16᫬㸧࡟⾜࠸㸪Ỉ୰࣓࢞ࢿ㸪ࢩ
ࣗࣀ࣮ࢣࣝ㸪ࢻࣛ࢖ࢫ࣮ࢶ➼ࢆ╔⏝ࡋࡓㄪᰝ⪅ 2ྡࡀㄪᰝỈᇦࡢୗὶ➃࠿ࡽ୧
ᓊ࡟ศ࠿ࢀ࡚₯Ỉࡋ㸪ࡑࢀࡒࢀᓊ࡟ἢࡗ࡚ୖὶ᪉ྥ࡬⛣ືࡋ࡞ࡀࡽᾋୖ⛶㨶ࢆ
ィᩘࡋࡓ㸬ほᐹࡣ࢔࣐ࢦࡸࢧࢡ࣐ࣛࢫࡢᾋୖ⛶㨶ࡀศᕸࡍࡿᓊἢ࠸ࡢሙᡤ㸦ྡ
㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸧ࢆ୰ᚰ࡟ᐇ᪋ࡋࡓ㸬Ỉ῝⣙ 20 cm௨ୗ
ࡢὸ࠸ሙᡤ࡛ࡣ㸪῝࠸ሙᡤ࠿ࡽぢ㏻ࡍ࡞࡝ࡋ࡚Ỉ୰ࡢど⏺ࢆ☜ಖࡋࡓ㸬▼ࡸ᳜
≀➼࡛ど⏺ࡀ㐽ࡽࢀࡿሙྜࡣ㸪ᑠᯞ➼࡛୙ྍど㒊఩ࢆ่⃭ࡋ࡚⛶㨶ࢆ㏨㑊ࡉࡏ
どㄆࡋࡓ㸬௨ୖࡢ᪉ἲ࡛どㄆࡋࡓ⛶㨶ࡢ඲ಶయᩘࢆィᩘࡋࡓ㸬ྛㄪᰝ⪅ࡣᾋୖ
⛶㨶ࡢᐃ఩Ⅼ࠿ࡽ㝣ୖࡢグ㘓⪅ 1ྡ࡟☜ㄆಶయᩘࢆ▱ࡽࡏ㸪グ㘓⪅ࡣᶆⅬࢆཧ
↷ࡋ࡚⦰ᑻ 1/2,500 ࡢᆅᅗୖ࡟ಶయᩘࢆグ㘓ࡋࡓ㸬ࡇࢀࡽࡢ⛶㨶ಶయᩘࢆྛㄪ
ᰝ༊⏬ࡢᕥྑᓊู࡟㞟ィࡋ࡚ 112ಶࡢࢹ࣮ࢱࢭࢵࢺ࡜ࡋ㸪௨ୗࡢゎᯒ࡟౪ࡋࡓ㸬
ࡲࡓ㸪2008–2009 ᖺࡢ₯Ỉ┠どほᐹ᫬࡟ࡣ㸪┠┒௜ࡁሷࣅ⟶㸦⣙ 1 m㸧ࢆ⏝࠸
࡚ᾋୖ⛶㨶ᐃ఩Ⅼࡢ඲Ỉ῝㸦௨ୗ㸪ᐃ఩Ỉ῝㸧ࢆ 1 cm༢఩࡛ ᐃࡋࡓ㸬ᐃ఩Ỉ
῝ࡀ 1 m௨ୖࡢሙྜࡣ㸪ㄪᰝ⪅ࡢ㌟㛗ࡸἢᓊỈ῝ࡢ ᐃ⤖ᯝ࠿ࡽ 0.1 m༢఩࡛
Ỉ῝ࢆ᥎ᐃࡋࡓ㸬」ᩘಶయࡢᐃ఩Ⅼ࡛ࡣ㸪㞟ᅋࡢ୰ᚰ㒊ศࡢỈ῝ࢆ ᐃࡋ࡚ྛ
ಶయࡢ್࡜ࡋࡓ㸬ࡉࡽ࡟㸪2007ᖺ 3᭶࡟ࡣ㸪ᾋୖ⛶㨶ࡢ⏕ᜥᩘࡀከ࠸ 3༊⏬㸦ᚋ
㏙㸧࡛ᐃ఩Ⅼࡢ 60%Ỉ῝ࡢὶ㏿ࢆ ᐃࡋࡓ㸬
⤫ィゎᯒ
 2008–2009ᖺࡢ࢔࣐ࢦᾋୖ⛶㨶ࡢᐃ఩Ỉ῝࡟ࡘ࠸࡚㸪Jonckheere-Terpstra᳨ᐃ
࡟ࡼࡾ⤒᫬ኚ໬ࡢഴྥࢆㄪ࡭ࡓ㸬ྛㄪᰝ᪥ࡢᐃ఩Ỉ῝࡟ᕪࡀ࡞࠸࡜ࡍࡿᖐ↓௬
ㄝ࡟ᑐࡋ㸪༢ㄪቑຍࡲࡓࡣ༢ㄪῶᑡࡢഴྥࢆᑐ❧௬ㄝ࡜ࡋ᳨࡚ᐃࢆ⾜ࡗࡓ㸦⚄
⏣㸪2012㸧㸬࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝࡜㛵㐃ࡍࡿ⎔ቃせᅉࢆ᥎ᐃࡍࡿࡓࡵ㸪
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ྛ༊⏬ࡢᕥྑᓊูࡢ⛶㨶ಶయᩘࢆᛂ⟅ኚᩘ㸪ྛ ༊⏬ࡢὶ㊰༢఩ࢱ࢖ࣉ㸦G㸪GR㸪
R㸪RP㸪P㸪PG㸧࡜⎔ቃኚ㔞㸦Ỉ㠃ᖜ㸪᭱኱Ỉ῝㸪ᕥྑᓊูࡢἢᓊỈ῝㸪ὶ㏿㸪
᳜≀⿕ᗘ㸪࠾ࡼࡧ⏘༸ᗋ࠿ࡽࡢ㊥㞳㸧ࢆㄝ᫂ኚᩘ࡜ࡋ࡚㸪୍⯡໬⥺ᙧΰྜࣔࢹ
ࣝ㸦GLMM㸸Bolker et al., 2009㸪2012㸧ࢆᵓ⠏ࡋࡓ㸬ᾋୖ⛶㨶ಶయᩘࡢศᩓࡣ
࡯ࡰࡍ࡭࡚ࡢㄪᰝ᪥࡛ᖹᆒࢆୖᅇࡾ㸪࣏࢔ࢯࣥศᕸࢆ௬ᐃࡋࡓሙྜ࡟ࡣ㐣ศᩓ
࡜࡞ࡗࡓࡓࡵ㸪ᛂ⟅ኚᩘࡢ☜⋡ศᕸ࡟㈇ࡢ஧㡯ศᕸࢆ௬ᐃࡋࡓ㸦⢑㇂㸪2012㸧㸬
ศᯒ࡟ඛ❧ࡕ㸪㔞ⓗኚᩘ࡛࠶ࡿ 6ࡘࡢ⎔ቃኚ㔞࡟ࡘ࠸࡚⥲ᙜࡓࡾ࡛ࣆ࢔ࢯࣥࡢ
✚⋡┦㛵ಀᩘࢆồࡵࡓ࡜ࡇࢁ㸪᭱኱Ỉ῝࡜ἢᓊỈ῝ࡢ㛫࡛㧗࠸┦㛵ࡀ᳨ฟࡉࢀ
ࡓ㸦r = 0.62㸧㸬ࡑࡇ࡛㸪Ỉ㠃ᖜࢆ᭱኱Ỉ῝࡛㝖ࡋࡓ್ࢆᕝᖜỈ῝ẚ㸦B/H㸧࡜ࡋ
࡚ㄝ᫂ኚᩘ࡟ຍ࠼㸪᭱኱Ỉ῝࡜Ỉ㠃ᖜࢆ㝖ཤࡋࡓ㸬ᕝᖜỈ῝ẚࡣὶ㊰༢఩ࡢᙧ
ែ࡜ᐦ᥋࡟㛵㐃ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦ⴛሙ࡯࠿㸪2003b㸧㸬ࡲࡓ㸪࢝ࢸࢦࣜ
࢝ࣝኚᩘ࡛࠶ࡿὶ㊰༢఩ࢱ࢖ࣉࡣࢲ࣑࣮ኚᩘ࡜ࡋ࡚ࣔࢹࣝ࡟⤌ࡳ㎸ࡲࢀࡓ㸬ྛ
ὶ㊰༢఩ࢱ࢖ࣉࡢಀᩘࡢ᥎ᐃ⢭ᗘࢆྥୖࡉࡏࡿࡓࡵ㸪᭱ ࡶ༊⏬ᩘࡢከ࠸ῡ㸦P㸧
ࢆཧ↷࢝ࢸࢦ࣮ࣜ࡜ࡋࡓ㸬ࡇࢀ࡟ࡼࡾῡࡢಀᩘࡣࢮࣟ࡜࡞ࡾ㸪௚ࡢὶ㊰༢఩ࢱ
࢖ࣉࡢಀᩘࡣῡ࡟ᑐࡍࡿ㔜ࡳ࡜ࡋ࡚⾲ࡉࢀࡿ㸬ゎᯒࡣㄪᰝᖺࡈ࡜࡟ㄪᰝ᪥ࡢࢹ
࣮ࢱࢆࣉ࣮ࣝࡋ࡚⾜࠸㸪ྛㄪᰝ᪥ࢆࣛࣥࢲ࣒ຠᯝ࡜ࡋࡓ㸬ࡍ࡭࡚ࡢㄝ᫂ኚᩘࡢ
⥺ᙧ⤖ྜ࡟ࡼࡿࣔࢹࣝࢆ࣮࣋ࢫ࡜ࡋ࡚㸪ㄝ᫂ኚᩘࡢ⥲ᙜࡓࡾࡢ⤌ࡳྜࢃࡏ࡛ࣔ
ࢹࣝࢆᵓ⠏ࡋ㸪AIC㸦㉥ụ᝟ሗ㔞ᇶ‽㸧ࡀ᭱ᑠࡢࣔࢹࣝࢆ࣋ࢫࢺࣔࢹࣝ࡜ࡋ࡚
㑅ᢥࡋࡓ㸦Barton, 2015㸧㸬ᾋୖ⛶㨶ಶయᩘ࡜⎔ቃせᅉࡢ㛵ಀࡣ㸪࣋ࢫࢺࣔࢹࣝ
࡟ຍ࠼㸪࣋ࢫࢺࣔࢹࣝ࡜ࡢ AIC ᕪ㸦'AIC㸧ࡀ 2 ᮍ‶ࡢࣔࢹࣝࢆࡍ࡭࡚⪃៖ࡋ
࡚᥎ᐃࡋࡓ㸦Burnham and Anderson, 2002㸧㸬௨ୖࡢゎᯒࡣ⤫ィࢯࣇࢺ R㸦R
Development Core Team, 2005㸧㸪࠾ࡼࡧࡇࢀࢆ࣮࣋ࢫ࡜ࡋࡓࣇ࣮ࣜ⤫ィࢯࣇࢺ
EZR㸦⚄⏣㸪2012㸧࡛⾜࠸㸪᭷ពỈ‽ࢆ 0.05࡜ࡋࡓ㸬
⤖ ᯝ
⏘༸ᗋ࡜ᾋୖ⛶㨶ࡢศᕸ
 ⏘༸ᗋࡣ 2006ᖺ⛅࡟ 4༊⏬㸦16㸪23㸪33㸪36㸧㸪2007ᖺ⛅࡟ 3༊⏬㸦12㸪21㸪
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36㸧㸪2008 ᖺ⛅࡟ 3 ༊⏬㸦27㸪36㸪51㸧࡛☜ㄆࡉࢀ㸪ྛ༊⏬ࡢὶ㊰༢఩ࢱ࢖ࣉ
ࡣῡ–ᖹ℩㸦༊⏬ 16㸪23㸪36㸪51㸧㸪ᖹ℩–᪩℩㸦༊⏬ 12㸪27㸧㸪ᖹ℩㸦༊⏬ 21㸧㸪
ῡ㸦༊⏬ 33㸧࡛࠶ࡗࡓ㸦Figs. 4-2–4-4㸧㸬ྛ༊⏬ࡢ⏘༸ᗋ࠿ࡽࡢ㊥㞳ࡣ 0–650 m
㸦3ᖺ㛫ࡢᖹᆒ್ ± ᶆ‽೫ᕪ = 223 ± 165 m㸧࡜ィ⟬ࡉࢀࡓ㸦Table 4-1㸧㸬ㄪᰝ
᪥ࡈ࡜ࡢ࢔࣐ࢦᾋୖ⛶㨶ࡢಶయᩘࡣ 2007ᖺ࡟ 50–730ಶయ㸪2008ᖺ࡟ 5–70ಶ
య㸪2009ᖺ࡟ 60–575ಶయ࡜ኚືࡋࡓࡀ㸪ㄪᰝᖺෆ࡛ࡣ 1᭶ᮎ–2᭶୰᪪࡟ᴟ኱
࡟㐩ࡍࡿඹ㏻ࡢ⤒᫬ኚ໬ࢆ♧ࡋࡓ㸦Figs. 4-2–4-4㸧㸬ᕥྑᓊࡢ༊⏬࠶ࡓࡾࡢ⛶㨶
ಶయᩘࡣ 2007ᖺ࡟ 0–111ಶయ㸪2008ᖺ࡟ 0–12ಶయ㸪2009ᖺ࡟ 0–185ಶయ࡛࠶
ࡗࡓ㸦Figs. 4-2–4-4㸧㸬ᾋୖ⛶㨶ࡢศᕸࣃࢱ࣮ࣥࡣᖺࡈ࡜࡟␗࡞ࡾ㸪2007–2008
ᖺ࡟ࡣୗὶഃ࠿ࡽ୰ኸ㒊㸦ࡑࢀࡒࢀ༊⏬ 9–33࡜༊⏬ 16–32㸧㸪2009ᖺ࡟ࡣἙ㐨
⊃✽㒊ࢆྵࡴୖὶഃ㸦༊⏬ 35–50㸧࡛ಶయᩘࡀከ࠿ࡗࡓ㸬ᾋୖ⛶㨶ࡢᐃ఩Ỉ῝
ࡣ㸪 2008 ᖺ࡟ 0.07–0.6 m ࡢ⠊ᅖ࡟࠶ࡾ⤒᫬ⓗ࡟᭷ព࡟ቑຍࡋࡓࡀ
㸦Jonckheere-Terpstra᳨ᐃ㹙ᑐ❧௬ㄝ㸸༢ㄪቑຍ㹛㸪JT = 1,526㸪P = 0.003㸧㸪2009
ᖺ ࡟ ࡣ 0.03–4.0 m ࡜ ᗈ ⠊ ᅖ ࡟ ࠾ ࡼ ࡧ ⤒ ᫬ ⓗ ࡟ ᭷ ព ࡟ ῶ ᑡ ࡋ ࡓ
㸦Jonckheere-Terpstra᳨ᐃ㹙ᑐ❧௬ㄝ㸸༢ㄪῶᑡ㹛㸪JT = 387,813㸪P = 0.023㸹Table 
4-2㸧㸬2007ᖺ 3᭶࡟༊⏬ 10㸦᪩℩–ῡ㸧㸪11㸦᪩℩㸧㸪26㸦᪩℩–ῡ㸧࡛ ᐃࡋࡓ
ᐃ఩Ⅼࡢὶ㏿ࡣ 0.7–19.7㸦9.4 ± 9.6㸧cm/s㸪Ỉ῝ࡣ 12–18㸦14.3 ± 0.3㸧cm࡛࠶ࡗ
ࡓ㸬
ᾋୖ⛶㨶ಶయᩘ࡜⎔ቃせᅉࡢ㛵ಀ
 ㄪᰝᖺࡈ࡜ࡢ࣋ࢫࢺࣔࢹࣝ࡜'AICࡀ 2ᮍ‶ࡢࣔࢹࣝࢆ Table 4-3–4-5࡟♧ࡋ
ࡓ㸬࢔࣐ࢦᾋୖ⛶㨶ࡢಶయᩘ࡜᭷ព࡞┦㛵ࢆᣢࡘ⎔ቃせᅉ㸦ಀᩘࡢ᥎ᐃ್ࡢ 95%
ಙ㢗༊㛫࡟ 0ࡀྵࡲࢀ࡞࠸㸧࡜ࡋ࡚㸪2007ᖺ࡟ࡣࡍ࡭࡚ࡢࣔࢹࣝ࡟࠾࠸࡚ᖹ℩
–᪩℩࡜᪩℩–ῡࡢὶ㊰༢఩ࢱ࢖ࣉ㸪ἢᓊỈ῝㸪ᕝᖜỈ῝ẚ㸪⏘༸ᗋ࠿ࡽࡢ㊥㞳
ࡀ㑅ᢥࡉࢀࡓ㸦Table 4-3㸧㸬2008 ᖺ࡟ࡣࡍ࡭࡚ࡢࣔࢹ࡛ࣝ⏘༸ᗋ࠿ࡽࡢ㊥㞳ࡀ
᭷ព࡞┦㛵ࢆ♧ࡋࡓ࡯࠿㸪ὶ㊰༢఩ࢱ࢖ࣉࡀ㑅ᢥࡉࢀࡓࣔࢹ࡛ࣝࡣᖹ℩–᪩℩࡜
᪩℩–ῡࡢὶ㊰༢఩ࢱ࢖ࣉࡀ᭷ព࡞┦㛵ࢆ♧ࡋࡓ㸦Table 4-4㸧㸬2009ᖺ࡟ࡣࡍ࡭
࡚ࡢࣔࢹࣝ࡟࠾࠸࡚ᖹ℩ࡢὶ㊰༢఩ࢱ࢖ࣉ㸪ἢᓊỈ῝㸪ὶ㏿㸪⏘༸ᗋ࠿ࡽࡢ㊥
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㞳ࡀ㑅ᢥࡉࢀࡓ㸦Table 4-5㸧㸬᭷ព࡞┦㛵ࡀぢࡽࢀࡓኚᩘࡢ࠺ࡕ㸪ᖹ℩–᪩℩㸪
᪩℩–ῡࡢὶ㊰༢఩ࢱ࢖ࣉ࡜ᕝᖜỈ῝ẚࡢಀᩘࡢ➢ྕࡣṇ㸪ᖹ℩ࡢὶ㊰༢఩ࢱ࢖
ࣉ㸪ἢᓊỈ῝㸪ὶ㏿㸪⏘༸ᗋ࠿ࡽࡢ㊥㞳࡛ࡣ㈇࡛࠶ࡗࡓ㸬ྛㄪᰝᖺ࡟࠾ࡅࡿὶ
㊰༢఩ࢱ࢖ࣉࡢಀᩘࡢᖹᆒ್㸦2007ᖺ㸸0.57 ± 0.37㸹2008ᖺ㸸0.93 ± 0.56㸹2009
ᖺ㸸-0.08 ± 0.68㸧ࡣ᭷ព࡟␗࡞ࡾ㸦୍ඖ㓄⨨ศᩓศᯒ㸪P < 0.001㸧㸪2009ᖺ࡟
ࡣ㸪2007ᖺ࡜ 2008ᖺ࡟ẚ࡭᭷ព࡟ప࠸್ࢆ♧ࡋࡓ㸦Tukeyἲ࡟ࡼࡿከ㔜ẚ㍑㸸
2007ᖺ࡜ 2008ᖺ㸪P = 0.28㸹2007ᖺ࡜ 2009ᖺ㸪P = 0.004㸹2008ᖺ࡜ 2009ᖺ㸪
P < 0.001㸧㸬
⪃ ᐹ
࢔࣐ࢦᾋୖ⛶㨶ಶయᩘ࡜㛵㐃ࡍࡿ⎔ቃせᅉ
 ᮏ◊✲࡟ࡼࡾ㸪࢔࣐ࢦ⏕ᜥᇦୗὶഃ࡟࠾࠸࡚ᾋୖ⛶㨶ࡢಶయᩘ࡜ᙉࡃ┦㛵ࡍ
ࡿὶ㊰༢఩ࢫࢣ࣮ࣝࡢ⎔ቃせᅉࡣ㸪ὶ㊰༢఩ࢱ࢖ࣉ㸪ἢᓊỈ῝㸪⏘༸ᗋ࠿ࡽࡢ
㊥㞳࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓ㸬ὶ㊰༢఩ࢱ࢖ࣉ࡛ࡣ㸪᪩℩࿘㎶ࡢ༊⏬㸪≉
࡟ᖹ℩–᪩℩࡜᪩℩–ῡࡀ 2007ᖺ࡜ 2008ᖺ࡟㧗࠸┦㛵ࢆ♧ࡋࡓ㸦Tables 4-3–4-5㸧㸬
ಀᩘࡢ➢ྜࡀṇ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪ࡇࢀࡽࡢ༊⏬࡛ࡣཧ↷࢝ࢸࢦ࣮࡛ࣜ࠶ࡿῡ
࡟ẚ࡭ᾋୖ⛶㨶ࡀከ࠿ࡗࡓ࡜࠸࠼ࡿ㸬୧༊⏬ࡣ᪩℩ࢆྵࡴ࠿᪩℩࡟᥋ࡍࡿࡓࡵ㸪
࢔࣐ࢦࡸࢧࢡ࣐ࣛࢫࡢᾋୖ⛶㨶࡛ሗ࿌ࡉࢀ࡚࠸ࡿᚤ⏕ᜥሙᡤࢫࢣ࣮ࣝ㸦ᐃ఩Ⅼ㸧
࡟࠾ࡅࡿᑠࡉ࡞ὶ㏿ᇦࡢ฼⏝㸦ྡ㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸧࡜▩
┪ࡍࡿࡼ࠺࡟ぢ࠼ࡿ㸬ࡓࡔࡋ㸪ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣ࡛ࡣ㐣ᑠ࡞ὶ㏿ࡀ㑊ࡅࡽࢀ
㸦Girard et al., 2004㸧㸪ὶ㏿ࡀ㐣ᑠ࡞ᐃ఩Ⅼࡢಶయࡣ⛣ືࡋࡸࡍ࠸㸦Steingrímsson 
and Grant, 2003㸧㸬ࡲࡓ㸪」ᩘࡢ✵㛫ࢫࢣ࣮࡛ࣝࢧࢣ⛉㨶㢮ࡢ⏕ᜥሙᡤࢆㄪ࡭ࡓ
◊✲࡛ࡣ㸪ᐃ఩Ⅼࡢὶ㏿ࡣᑠࡉ࠸ࡀ㸪ࡼࡾୖ఩ࡢࢫࢣ࣮࡛ࣝࡣ኱ࡁ࡞ὶ㏿ࢆᣢ
ࡘሙᡤ࡟㏆᥋ࡍࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ㸦Bozek and Rahel, 1991㸹Inoue and Nakano, 
1999㸧㸬ࡑࡢࡼ࠺࡞ᚤ⏕ᜥሙᡤࡣ㸪㏿࠸ὶࢀ࡟㏆᥋ࡋࡓᕝᓊࡸ᪩℩ෆ㒊ࡢ㸪᳜ ≀
᳜⏕ࡸ▼࡞࡝ࡢỈὶࡢ㐽࡬࠸≀௜㏆࡟఩⨨ࡋ㸦Moore and Gregory, 1988㸹Bozek 
and Rahel, 1991㸧㸪ᐃ఩ࡋࡓ⛶㨶࡟ᑐࡋ࡚㸪ὶୗ㣵⏕≀ࡢᤕ㣗ᶵ఍ࡢቑ኱࡜㐟Ὃ
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࢚ࢿࣝࢠ࣮ࡢ⠇⣙ࢆࡶࡓࡽࡋ㸪᭱ ኱ࡢ࢚ࢿࣝࢠ࣮ຠ⋡ࢆ୚࠼ࡿ㸦Fausch, 1984㸧㸬
ᮏㄪᰝỈᇦ࡛ࡶ㸪᪩℩࿘㎶ࡢ༊⏬࡛ ᐃࡋࡓ⛶㨶ࡢᐃ఩Ⅼࡢὶ㏿ࡣ᪤ሗ㸦ྡ㉺
࡯࠿㸪1988㸹Nagata and Yanai, 2002㸹ⱝᯘ࡯࠿㸪2003㸧ࡢ⠊ᅖෆ࡟࠶ࡗࡓ㸬௨
ୖࡢࡇ࡜࠿ࡽ㸪ὶ㊰༢఩ࢫࢣ࣮ࣝ࡟࠾ࡅࡿ᪩℩࿘㎶ࡢ༊⏬ࡢ฼⏝ࡣ㸪ᚤ⏕ᜥሙ
ᡤࢫࢣ࣮ࣝ࡟࠾ࡅࡿᑠࡉ࡞ὶ㏿ᇦࡢ฼⏝࡜▩┪ࡏࡎ㸪ࡴࡋࢁ㸪ዲ㐺࡞ᚤ⏕ᜥሙ
ᡤ࡛࠶ࡿࠕ㏿࠸ὶࢀ࡟㏆࠸⦆ὶ㒊ศ㸦Bozek and Rahel, 1991㸹Inoue and Nakano, 
1999㸧ࠖ ࡀᐇ⌧ࡉࢀࡿࡓࡵ࡟ᚲせ࡞๓ᥦ᮲௳㸦Kramer et al., 1997㸧࡜ᤊ࠼ࡿࡇ࡜
ࡀ࡛ࡁࡿ㸬
ḟ࡟㸪ἢᓊỈ῝ࡢಀᩘࡢ➢ྕࡣ㈇࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪ἢᓊỈ῝ࡀὸ࠸༊⏬࡯
࡝࢔࣐ࢦᾋୖ⛶㨶ࡀከ࠿ࡗࡓ࡜࠸࠼ࡿ㸦Tables 4-3–4-5㸧㸬ᑠࡉ࡞Ỉ῝ࡣ㸪ࢧࢣ
⛉㨶㢮ࡢᾋୖ⛶㨶ࡢᚤ⏕ᜥሙᡤࡢ≉ᚩ࡜ࡋ࡚ࡼࡃ▱ࡽࢀ࡚࠾ࡾ㸦Moore and 
Gregory, 1988㸹ྡ㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸧㸪ᮏ◊✲࡟࠾࠸࡚ࡶ㸪
ὶ㊰༢఩ࢫࢣ࣮࡛ࣝἢᓊỈ῝ࡢὸ࠸༊⏬ࡣ㸪࢔࣐ࢦᾋୖ⛶㨶࡟ᑠࡉ࡞Ỉ῝ࡢᚤ
⏕ᜥሙᡤࢆᥦ౪ࡋࡓ࡜⪃࠼ࡽࢀࡿ㸬
⏘༸ᗋ࠿ࡽࡢ㊥㞳ࡣ㸪⪃៖ࡋࡓࡍ࡭࡚ࡢࣔࢹ࡛ࣝ࢔࣐ࢦᾋୖ⛶㨶ಶయᩘ࡜᭷
ព࡞┦㛵ࢆ♧ࡋࡓࡇ࡜࠿ࡽ㸦Tables 4-3–4-5㸧㸪⛶㨶ಶయᩘ࡜᭱ࡶᐦ᥋࡞㛵ಀࢆ
ᣢࡘ⎔ቃせᅉ࡜⪃࠼ࡽࢀࡓ㸬ಀᩘࡢ➢ྕࡀ㈇࡛࠶ࡗࡓࡇ࡜ࡣ㸪⏘༸ᗋ࠿ࡽࡢ㊥
㞳ࡀ㏆࠸༊⏬࡯࡝࢔࣐ࢦᾋୖ⛶㨶ࡀከ࠿ࡗࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸦Tables 4-3–
4-5㸧㸬ࢧࢣ⛉㨶㢮ࡢᾋୖ⛶㨶ࡀ⏘༸ᗋ௜㏆࡟ከ࠸ࡇ࡜ࡣ㸪࢝ࢵࢺࢫ࣮ࣟࢺࢺࣛ
࢘ࢺ㸦Bozek and Rahel, 1991㸧㸪ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣ㸦Foldvik et al., 2010㸹Teichert et 
al., 2011㸧➼࡛ሗ࿌ࡀ࠶ࡿ㸬ᾋୖ⛶㨶ࡀ⏘༸ᗋ௜㏆࡟ከ࠸⌮⏤ࡣ㸪ప࠸㐟Ὃ⬟ຊ
㸦Moore and Gregory, 1988㸹┿ᒣ㸪1992㸧ࡢࡓࡵ࡜ࡶ⪃࠼ࡽࢀࡿࡀ㸪Ỉὶ࡟ࡼࡿ
ཷືⓗ࡞ὶୗࡣ㸪㐟Ὃ⬟ຊ࡜↓㛵ಀ࡟ྍ⬟࡛࠶ࡿࡇ࡜࠿ࡽ㸦Einum et al., 2011, 
2012㸧㸪ࢱ࢖ࢭ࢖ࣚ࢘ࢧࢣ࡛ࡣ⛣ື࡟ࡼࡗ࡚ዲ㐺࡞ᚤ⏕ᜥሙᡤ࡟฿㐩࡛ࡁࡿಖド
ࡀ࡞࠸ࡓࡵ㸪ࡲࡓࡣ௚✀࠾ࡼࡧྠ✀㧗㱋㨶࡟ࡼࡿ⿕㣗ࣜࢫࢡࡀ኱ࡁ࠸ࡓࡵ࡟㸪
⛶㨶ࡣ⏘༸ᗋ௜㏆࠿ࡽ⛣ືࡋ࡞࠸࡜᥎ ࡉࢀ࡚࠸ࡿ㸦Foldvik et al., 2010㸹Einum 
et al., 2011, 2012㸧㸬ࡇࢀ࡟㛵ࡋ࡚㸪࢔࣐ࢦࡸ࣐࣓ࣖࡢ⏘༸ᗋࡀᖹ℩ࡸῡᑼ࡟ᙧᡂ
ࡉࢀࡿࡇ࡜㸦ⓑ▼࡯࠿㸪1957㸹ᮌᮧ㸪1972㸹୰ᮧ㸪1999a㸧㸪Ἑᕝࡢ୰࣭ୗὶᇦ
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࡛ࡣᖹ℩ࡢୗὶഃ࡟᪩℩ࡀ఩⨨ࡍࡿࡇ࡜㸦ྍඣ㸪1978㸹Ỉ㔝࣭ᚚໃ㸪2000㸹ⴛ
ሙ࡯࠿㸪2003a㸧ࢆ⪃៖ࡍࡿ࡜㸪࢔࣐ࢦ⏕ᜥᇦୗὶഃ࡛ࡣ㸪⏘༸ᗋࡢୗὶഃ࡟᪩
℩ࡀᏑᅾࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡿ㸬ᮏㄪᰝỈᇦ࡛ࡶ㸪࢔࣐ࢦࡢ⏘༸ᗋࡣᖹ℩࿘㎶
࡛☜ㄆࡉࢀࡓࡇ࡜࠿ࡽ㸦Figs. 4-2–4-4㸧㸪ᾋୖ⛶㨶ࡣཷືⓗ࡞ὶୗ࡟ࡼࡗ࡚᪩℩
ࢆ㏻㐣࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿࡀ㸪ከࡃࡢ⛶㨶ࡣ⏘༸ᗋ࡟㏆࠸༊⏬ࡸ᪩℩࿘㎶ࡢ༊
⏬࡛☜ㄆࡉࢀࡓ㸦Tables 4-3–4-5㸧㸬ࡇࢀࡣప࠸㐟Ὃ⬟ຊࡸཷືⓗ࡞ὶୗ௨እࡢ
せᅉࢆ♧၀ࡍࡿࡶࡢ࡛࠶ࡿ㸬ᮏ◊✲࡛ࡣ㸪௚㨶✀ࡲࡓࡣྠ✀㧗㱋㨶࡟ࡼࡿ࢔࣐
ࢦᾋୖ⛶㨶ࡢᤕ㣗ࢆㄪᰝࡋ࡚࠸࡞࠸ࡀ㸪ࢧࢡ࣐ࣛࢫ㸦࣐࣓ࣖ㸧ࡢᾋୖ⛶㨶࡛ࡣ
」ᩘࡢሗ࿌ࡀ࠶ࡾ㸦┿ᒣ㸪1999㸹ୖ㔝࡯࠿㸪2009㸧㸪ᮏㄪᰝỈᇦ࡟ࡣ࢔࣐ࢦ㧗㱋
㨶ࡀ⏕ᜥࡋ࡚࠸ࡓ㸦ᮌᮏ࡯࠿㸪2015㸧㸬ࡋࡓࡀࡗ࡚㸪࢔࣐ࢦ⏕ᜥᇦୗὶഃࡢᾋୖ
⛶㨶ࡶ㸪㣚㣹ࡸ⿕㣗ࢆ㑊ࡅࡿࡓࡵ࡟⏘༸ᗋ௜㏆࡟␃ࡲࡗ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽ
ࢀࡿ㸬
⏕ᜥሙᡤ฼⏝ࡢᖺኚືせᅉ
 ࢔࣐ࢦᾋୖ⛶㨶ࡢಶయᩘ࡜┦㛵ࡍࡿ⎔ቃせᅉࡣ㸪⏘༸ᗋ࠿ࡽࡢ㊥㞳௨እ࡛ࡣ
ㄪᰝᖺࡈ࡜࡟␗࡞ࡗࡓ㸦Tables 4-3–4-5㸧㸬ἢᓊỈ῝ࡣ 2008ᖺ࡟᭷ព࡞┦㛵ࢆ♧
ࡉ࡞࠿ࡗࡓࡀ㸪᳨ウࡋࡓࡍ࡭࡚ࡢࣔࢹ࡛ࣝಀᩘࡢ➢ྕࡀ㈇࡛࠶ࡗࡓࡇ࡜࠿ࡽ
㸦Tables 4-3–4-5㸧㸪2008ᖺࡢᾋୖ⛶㨶ࡶ௚ࡢᖺ࡜ྠᵝ࡟ἢᓊỈ῝ࡢὸ࠸༊⏬ࢆ
฼⏝ࡋࡓ࡜⪃࠼ࡽࢀࡿ㸬ὶ㊰༢఩ࢱ࢖ࣉ࡛ࡣ㸪2007–2008 ᖺ࡟ࡣ᪩℩࿘㎶ࡢ༊
⏬ࡀᾋୖ⛶㨶ಶయᩘ࡜᭷ព࡞ṇࡢ┦㛵ࢆ♧ࡋࡓࡀ㸪2009ᖺ࡟ࡣᖹ℩ࡢὶ㊰༢఩
ࢱ࢖ࣉ࡛᭷ព࡞㈇ࡢ┦㛵ࡀぢࡽࢀ㸪ὶ㊰༢఩ࢱ࢖ࣉࡢಀᩘࡢᖹᆒ್ࡣ௚ࡢᖺࡼ
ࡾ᭷ព࡟ప࠿ࡗࡓ㸦Tables 4-3–4-5㸧㸬ὶ㊰༢఩ࢱ࢖ࣉࡢಀᩘࡀཧ↷࢝ࢸࢦ࣮ࣜ
࡛࠶ࡿῡ࡟ᑐࡍࡿ㔜ࡳ࡛࠶ࡿࡇ࡜ࢆ⪃៖ࡍࡿ࡜㸪ࡇࢀࡽࡢࡇ࡜ࡣ 2009ᖺࡢᾋୖ
⛶㨶ࡀ௚ࡢᖺ࡟ẚ࡭ῡ࡟ከ࠿ࡗࡓࡇ࡜ࢆ♧ࡍࡶࡢ࡛࠶ࡿ㸬ᐇ㝿࡟㸪2009ᖺ࡟ᾋ
ୖ⛶㨶ࡀከࡃぢࡽࢀࡓୖὶഃࡢ 16༊⏬㸦35–50㸧ࡢ࠺ࡕ 11༊⏬㸦37–47㸧ࡣῡ
࡛࠶ࡗࡓ㸬
ࡓࡔࡋ㸪༊⏬ 37–47ࡢ⛶㨶ಶయᩘࡣ 2–3᭶࡟࠿ࡅ࡚ᛴῶࡋ࡚࠸ࡓ㸦Fig. 4-4㸧㸬
ࡲࡓ㸪ࢧࢣ⛉㨶㢮ࡢᾋୖ⛶㨶ࡢᐃ఩Ỉ῝ࡣᡂ㛗࡟క࠸ቑ኱ࡍࡿࡇ࡜ࡀ▱ࡽࢀ㸦ྡ
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㉺࡯࠿㸪1988㸹Nagata and Yanai, 2002㸹ⱝᯘ࡯࠿㸪2003㸧㸪ᮏ◊✲࡛ࡶ 2008ᖺ
࡟ࡣྠᵝࡢഴྥࡀぢࡽࢀࡓࡀ㸪2009ᖺ࡟ࡣࡴࡋࢁึᮇ࡟኱ࡁࡃ⤒᫬ⓗ࡟పୗࡋ
ࡓ㸦Tables 4-2㸧㸬ࡇࢀࡣ㸪኱ࡁ࡞ᐃ఩Ỉ῝ࢆ♧ࡍ༊⏬ 37–47࡟ศᕸࡋ࡚࠸ࡓ⛶
㨶ࡀ 2–3᭶࡟࠿ࡅ࡚ῶᑡࡋࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸦Fig. 4-4㸧㸬ᮏ◊✲࡛ࡣ⛶㨶ࢆ
ಶయ㆑ูࡋ࡚࠸࡞࠸ࡓࡵ㸪༊⏬ 37–47࡛ぢࡽࢀ࡞ࡃ࡞ࡗࡓಶయࡢ⾜᪉ࡣศ࠿ࡽ
࡞࠸ࡀ㸪࢝ࢵࢺࢫ࣮ࣟࢺࢺࣛ࢘ࢺࡢᾋୖ⛶㨶ࡣ㸪⦕㎶㒊ࡀษࡾ❧ࡕỈ῝ࡀ኱ࡁ
࠸ὶ㊰࡛ࡣ㸪ዲ㐺࡞⏕ᜥሙᡤ࡟㐩ࡍࡿࡲ࡛ὶୗࡍࡿ࡜᥎ ࡉࢀ࡚࠸ࡿ㸦Moore 
and Gregory, 1988㸧㸬ᮏㄪᰝỈᇦ࡛ࡶ㸪༊⏬ 37࠿ࡽୖὶഃࡣ୧ᓊࡀษࡾ❧ࡕỈ῝
ࡀ኱ࡁ࡞Ἑ㐨⊃✽㒊ࡢᬒほࢆ♧ࡍࡇ࡜࠿ࡽ㸪2009ᖺ 2᭶࡟༊⏬ 37–47࡛☜ㄆࡉ
ࢀࡓ⛶㨶ࡣ㸪3᭶࡟࠿ࡅ࡚ୗὶ᪉ྥ࡟⛣ືࡋࡓྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸬
ྠᵝ࡟㸪2009ᖺ 2–3᭶࡟ࡣ༊⏬ 48–50࡛ࡶ⛶㨶ಶయᩘࡀᛴῶࡋࡓ㸦Fig. 4-4㸧㸬
ࡇࢀࡽࡢ༊⏬ࡢὶ㊰༢఩ࢱ࢖ࣉࡣከࡃࡢ⛶㨶ࡀ฼⏝ࡍࡿ࡜ண ࡉࢀࡓ᪩℩–ῡ
࡜ᖹ℩–᪩℩࡛࠶ࡗࡓࡀ㸪ࡇࡢሙᡤࡣἙ㐨⊃✽㒊࡛࠶ࡿࡓࡵᕝᓊࡀ⊃ࡃ㸪ᒾ┙ࡀ
㟢ฟࡋ㸪᳜≀⿕ᗘࡀప࠿ࡗࡓ㸬ᕝᓊࡢ▼ࡸ᳜≀᳜⏕ࡣ኱ࡁ࡞ὶ㏿ࢆపῶࡋ࡚⦆
ὶ㒊ศࢆ⏕ᡂࡍࡿࡓࡵ㸪ࢧࢣ⛉㨶㢮ࡢᾋୖ⛶㨶ࡢᚤ⏕ᜥሙᡤ᮲௳࡜ࡋ࡚㔜せ࡛
࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Moor and Gregory, 1988㸹ර⸨࡯࠿㸪1992㸹Nagata and 
Yanai, 2002㸧㸬ࡉࡽ࡟㸪ࡇࡢㄪᰝᖺ࡟ࡣ༊⏬ 51ࡼࡾୖὶ࡛࢔࣐ࢦᾋୖ⛶㨶ࡀ☜
ㄆࡉࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽ㸦Fig. 4-4㸧㸪2009ᖺ 2–3᭶࡟༊⏬ 48–50࡛ぢࡽࢀࡓ⛶
㨶ࡢᛴῶࡣ㸪ᚤ⏕ᜥሙᡤ᮲௳ࡢ୙㐺ྜ࡟ࡼࡿ⛶㨶ࡢὶୗ࡟ࡼࡗ࡚⏕ࡌࡓ࡜᥎ᐃ
ࡉࢀࡓ㸬ࡇࢀࡽࡢ᥎ᐃࡀṇࡋࡅࢀࡤ㸪2009ᖺࡢ⛶㨶࡟ぢࡽࢀࡓῡࢆ฼⏝ࡍࡿഴ
ྥࡣ㸪⛣ື୰ࡢಶయࢆほ ࡋࡓࡓࡵ࡟᳨ฟࡉࢀࡓ࡜⪃࠼ࡽࢀࡿ㸬
࢔࣐ࢦ⏕ᜥᇦୗὶഃ࡟࠾ࡅࡿᾋୖ⛶㨶ࡢಖ඲
 Ἑᕝࡢୖὶᇦ࡛ࡣ㸪࢔࣐ࢦࡸࢧࢡ࣐ࣛࢫࡢᾋୖ⛶㨶ࡣ㸪ὶ㊰༢఩ࢫࢣ࣮ࣝࡢ
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Fig. 4-1. Map and location of study sites in the Ogata River, northeastern Kyushu 
Island, Japan.
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Fig. 4-2. See the next page for figure caption because of its length.
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Fig. 4-2. Longitudinal distribution of newly emerged fry of red-spotted masu salmon in 
a 1,400 m stretch of the Ogata River based on 11 weekly snorkeling surveys from 10 
January to 20 March in 2007. Fry were counted by divers moving upstream. Open 
circles represent the number of fry observed along both banks. Asterisks show the 
locations of spawning redds. Other notations are the same as those in Fig. 4-1.
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n = 5 (17 Jan.)
n = 26 (11 Mar.)
n = 70 (15 Feb.)
*
**
n = 1
n = 10
n = 100
Fig. 4-3. Longitudinal distribution of newly emerged fry of amago in a 1,400 m stretch 
of the Ogata River based on three snorkeling surveys each on 17 January, 15 February, 
and 11 March in 2008. Notations are the same as those in Fig. 4-2.
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Fig. 4-4. Longitudinal distribution of newly emerged fry of amago in a 1,400 m stretch 
of the Ogata River based on five snorkeling surveys each on 14 January, 10 and15 
February, 2 and17 March in 2009. Notations are the same as those in Figs. 4-2.
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Table 4-1. Environmental characteristics of 56 sections (25 m long 
each) surveyed in the Ogata River. B/H: Width-depth ratio; DFR: 
distance from spawning redds.
*Wetted width and maximum depth were not used for generalized 
linear mixed model due to multicollinearity but used for calculating 
the width-depth ratios (B/H).
Environmental variables
Depth (m) Right 0.64 ± 0.77 0.05 – 3.42
Left 0.79 ± 0.94 0.05 – 3.84
Velocity (cm/s) Right 21.8 ± 29.7 0.06 – 134
Left 10.8 ± 16.2 0.06 – 89.1
Vegitation cover (%) Right 0.05 ± 0.12 0 – 0.68
Left 0.22 ± 0.4 0 – 1.0
Wetted width (m) * 12.7 ± 6.01 2.63 – 32
Maximum depth (m) * 1.65 ± 1.09 0.29 – 4.55
B/H* 12.7 ± 10.9 1.12 – 59.5
DFR (m) 2007 213 ± 163 0 – 600
2008 222 ± 157 0 – 600
2009 235 ± 175 0 – 650
Rangemean ± sd
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Table 4-2. Water depth at focal points of newly emerged 
fry of red-spotted masu salmon in the Ogata River from 
January to March in 2008 and 2009.
2008 17 Jan. 0.21 ± 0.13 0.08 – 0.42
15 Feb. 0.20 ± 0.11 0.07 – 0.60
11 Mar. 0.29 ± 0.14 0.07 – 0.55
2009 14 Jan. 0.48 ± 0.77 0.05 – 4.00
10 Feb. 0.50 ± 0.49 0.04 – 4.00
15 Feb. 0.30 ± 0.29 0.03 – 4.00
2 Mar. 0.38 ± 0.28 0.08 – 2.00
17 Mar. 0.37 ± 0.30 0.10 – 2.00
Date mean ± sd (m) Range (m)
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➨ 5❶ ࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀
 ࢔࣐ࢦࡣࢧࢣ⛉࡟ᒓࡍࡿ᪥ᮏᅛ᭷ࡢள✀࡛࠶ࡾ㸪ᮏᕞኴᖹὒᓊ㸪ᅄᅜ඲ᇦ㸪
஑ᕞࡢ℩ᡞෆᾏὶධἙᕝ࡟⮬↛ศᕸࡍࡿ㸦኱ᓥ㸪1957㸧㸬ᮏள✀ࡢἙᕝᆺಶయ⩌
࡟ࡣ㸪ࣃ࣮࣐࣮ࢡ㸪㯮Ⅼ㸪ᮒⅬࢆḞࡃ↓ᩬᆺࡢ࢖࣓࣡ࡀᏑᅾࡍࡿࡇ࡜ࡀ▱ࡽࢀ
࡚࠸ࡿ㸦Kimura and Nakamura, 1961㸧㸬ࢃࡀᅜ࡛ࡣ㸪1970ᖺ௦௨㝆㸪㈨※ቑṪࡢ
ࡓࡵࡢ㣴Ṫ㨶ࡢᨺὶࡀ┒ࢇ࡟⾜ࢃࢀ࡚ࡁࡓ㸦❧ᕝ࣭ᮏⲮ㸪1976㸧㸬ࡑࡢࡓࡵ⌧ᅾ
࡛ࡣ㸪㑇ఏⓗ࡟⣧⢋࡞࢔࣐ࢦಶయ⩌ࡣ⁪ࡸࢲ࣒࡟ࡼࡗ࡚㝸㞳ࡉࢀࡓ※ὶ㒊ࡔࡅ
࡟⏕ᜥࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸦Kawamura et al., 2007㸧㸬࢔࣐ࢦࡢศᕸ༡す
➃࡛࠶ࡿ஑ᕞ࡛ࡣ㸪࡯ࡰࡍ࡭࡚ࡢ࢔࣐ࢦࡀἙᕝᆺಶయ⩌࡜ࡋ࡚Ἑᕝୖὶᇦ࡟⏕
ᜥࡋ࡚࠸ࡿ㸦Kimura, 1989㸧㸬ࡑࢀࡽἙᕝᆺಶయ⩌ࡣἙᕝෆ࡛኱ࡁࡃ⛣ືࡋ࡞࠸
ࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ㸦Nakano et al., 1990㸧㸪ࡑࡢ㧗࠸ᐃఫᛶࡣಶయ⩌㛫ࡢ㑇ఏⓗ
஺ὶࢆไ㝈ࡍࡿ࡜࡜ࡶ࡟㸦Yamamoto et al., 2004㸧㸪ᒁᡤ㐺ᛂࢆࡶࡓࡽࡍ࡜ண᝿
ࡉࢀࡿ㸦Garcia de Leaniz et al., 2007㸹Kikko et al., 2008㸹Drinan et al., 2012㸧㸬㣴
Ṫ㨶ࡢᨺὶࡣ㸪㔝⏕ಶయ⩌ࡢ୰࡟㐺ᛂⓗ࡛࡞࠸㑇ఏᏊࢆὶධࡉࡏ㸪␗⣔஺㓄ᙅ
ໃ㸦Miller et al., 2004㸹Tymchuk et al., 2007㸧ࡸᒁᡤ㐺ᛂࡢᔂቯ㸦Garcia de Leaniz 
et al., 2007㸧ࢆࡶࡓࡽࡍྍ⬟ᛶࡀ࠶ࡿ㸬ࡋࡓࡀࡗ࡚㸪஑ᕞࡢ࢔࣐ࢦ࡟㛵ࡋ࡚ࡣ㸪
ண㜵ⓗ࡞ࣜࢫࢡ⟶⌮ࡢほⅬ࠿ࡽᅾ᮶ಶయ⩌ࢆ᥈ࡋฟࡋ࡚ಖㆤࡍࡿᚲせࡀ࠶ࡿ㸬
 ㏆ᖺࡢ◊✲࡛ࡣ㸪࢔࣐ࢦࢆྵࡴἙᕝᛶࢧࢣ⛉㨶㢮ࡢᅾ᮶ಶయ⩌ࡣ㸪࠾ࡶ࡟ᨺ
ὶᒚṔ࡜ᨺὶ㨶ࡢୖὶ᪉ྥ࡬ࡢ⛣ືไ㝈㸦⁪ࡸࢲ࣒㸧ࡢ఩⨨㸦୰ᮧ㸪2001㸧㸪࠾
ࡼࡧᨺὶࡀ࡞ࡉࢀ࡚࠸࡞࠸㞄᥋ࡋࡓ」ᩘࡢಶయ⩌㛫࡟࠾ࡅࡿ㑇ఏᏊᆺࡢ୍㈏ᛶ
ࡸ㑇ఏᏊᆺ㢖ᗘࡢẚ㍑࠿ࡽ᥎ᐃ࡛ࡁࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸦Kawamura et al., 
2007㸹Kubota et al., 2007㸹Sato et al., 2010㸧㸬኱ศ┴ࡢከࡃࡢ℩ᡞෆᾏὶධἙᕝ
ୖὶ㒊࡟ࡣ࢔࣐ࢦࡀ⏕ᜥࡋ࡚࠸ࡿࡀ㸪ᨺὶࡢᙳ㡪ࢆཷࡅ࡚࠸࡞࠸࡜⪃࠼ࡽࢀࡿ
࢔࣐ࢦಶయ⩌ࡣ㸪኱㔝ᕝỈ⣔ࡢ୍ᨭὶ㸪⚄ཎᕝࡢ᭱ୖὶ㒊ࡔࡅ࡟⏕ᜥࡍࡿྍ⬟
ᛶࡀ♧ࡉࢀ࡚࠸ࡿ㸦Fig. 5-1㸹ᚨගಇ஧㹙኱ศ┴ᾏὒỈ⏘◊✲ࢭࣥࢱ࣮ෆỈ㠃◊
✲ᡤ㸪ᮍⓎ⾲㸪ෆỈ㠃⁺ᴗ༠ྠ⤌ྜ࡟ᑐࡍࡿᨺὶᒚṔࡢ⪺ࡁྲྀࡾㄪᰝ㸪1999㸧㸬
ࡇࡢỈᇦࡣ⁺ᴗ࣭㐟⁺࡟ࡘ࠸࡚㛤ᨺࡉࢀ࡚࠸ࡿࡀ㸪⚄ཎᕝࡢ㞄᥋ᨭὶ࡛࠶ࡿἼ
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ᮌྜᕝ࡟ࡣ㸪࢖࣓࣡࠾ࡼࡧ࢔࣐ࢦಖㆤࡢࡓࡵࡢ⚗⁺༊ࡀタࡅࡽࢀ࡚࠸ࡿ㸬࢖࣡
࣓ࡣᙜึ㸪Ἴᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂࡟⏕ᜥࡍࡿ᪂✀ࡢࢧࢣ⛉㨶㢮࡜ࡋ࡚ሗ࿌ࡉ
ࢀࡓ㸦Kimura and Nakamura, 1961㸧㸬ࡑࡢᚋ㸪ᮏᕞ࡜ᅄᅜ࠿ࡽ 6ࡘࡢ࢖࣓࣡ಶయ
⩌ࡀ㸪㏻ᖖࡢ࢔࣐ࢦ࠶ࡿ࠸ࡣ࣐࣓ࣖ࡜࡜ࡶ࡟Ⓨぢࡉࢀ࡚࠸ࡿ㸦Kimura 1989㸹
Kano et al., 2010㸧㸬⌧ᅾ㸪࢖࣓࣡ࡣ࢔࣐ࢦ࡜ࡢ஺㓄ᐇ㦂㸦ᒣෆ㸪1982㸹ᚨග㸪2003㸧
࡟ᇶ࡙ࡁ㸪ྠᡤⓗ࡟⏕ᜥࡍࡿ㏻ᖖࡢ࢔࣐ࢦ࠶ࡿ࠸ࡣ࣐࣓ࣖࡢ↓ᩬᆺ✺↛ኚ␗య
࡜⪃࠼ࡽࢀ࡚࠸ࡿ㸦Kimura, 1989㸹Kano et al., 2006㸧㸬Ἴᮌྜᕝ࣓ࣥࣀࢶࣛ㇂ࡢ
࢖࣓࣡ಶయ⩌ࡣ㸪㞄᥋ࡍࡿࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦ࡜࡜ࡶ࡟ 1966ᖺ࡟኱ศ┴ࡢኳ
↛グᛕ≀࡟ᣦᐃࡉࢀ㸪1970ᖺ࠿ࡽࡣ⏕ᜥᆅࡀ⚗⁺࡟࡞ࡗ࡚࠸ࡿ㸬ࡋ࠿ࡋ㸪ࡲࢇ
ࡾࡻ࠺㇂࡛ࡣ 1990 ᖺ௦࡟㐟⁺⪅ࡀ㠀බᘧ࡟࢔࣐ࢦࢆᨺὶࡋࡓ࡜ࡢ᝟ሗࡀ࠶ࡿ
㸦➉⏣ᕷෆࡢᆅඖఫẸ࠿ࡽࡢ᝟ሗ㸧㸬⚄ཎᕝ࡟⏕ᜥࡍࡿ࢔࣐ࢦ࡟ࡘ࠸࡚㸪ࡇࢀࡲ
࡛」ᩘࡢ◊✲㸦ᮌᮏ࡯࠿㸪2013㸪2015㸧ࡀ⾜ࢃࢀ࡚ࡁࡓࡀ㸪࢔࣐ࢦࡢ㑇ఏⓗᵓ
㐀ࡸ࢖࣓࣡࡜ࡢ㑇ఏⓗ㛵ಀ࡟ࡘ࠸࡚ࡣ᝟ሗࡀ࡞࠸㸬
 ᮏ◊✲࡛ࡣ㸪኱㔝ᕝỈ⣔⚄ཎᕝࡢᅾ᮶࢔࣐ࢦಶయ⩌ࢆ≉ᐃࡍࡿࡓࡵ㸪⚄ཎᕝ
࡜Ἴᮌྜᕝ࡟⏕ᜥࡍࡿ 3ࡘࡢ࢔࣐ࢦಶయ⩌㸦࢖࣓࣡ 1ಶయ⩌ࢆྵࡴ㸧ࡢ㑇ఏⓗ
ᵓ㐀ࢆ mtDNA࡟ࡼࡾゎᯒࡋࡓ㸬ࡲࡓ㸪ᅾ᮶ಶయ⩌ࡢ᥎ᐃ⤖ᯝࢆ᳨ドࡍࡿࡓࡵ㸪
⚄ཎᕝ඲య࡛᥇㞟ࡋࡓ⛶㨶࡜ࡲࢇࡾࡻ࠺㇂࡟ᨺὶࡉࢀࡓ࡜ண᝿ࡉࢀࡿ㣴㨶ሙࡢ
⣔⤫࡟ࡘ࠸࡚ࡶㄪᰝࡋࡓ㸬ࡇࢀࡽࡢ⤖ᯝ࡟ᇶ࡙ࡁ㸪ᙜヱỈᇦࡢᅾ᮶࢔࣐ࢦಶయ
⩌ࡢಖ඲ᡭἲࢆᥦ᱌ࡋࡓ㸬
ᮦᩱ࡜᪉ἲ
ㄪᰝሙᡤ
 ᮏ◊✲࡛ࡣ㸪⥴᪉ᕝ࡜⚄ཎᕝࡢ࢔࣐ࢦ⏕ᜥᇦ㸦ᮌᮏ࡯࠿㸪2013㸧࡛࠶ࡿ⥴᪉
ᕝ࡜༑ゅᕝࡢྜὶⅬ࠿ࡽ஬ྜ┠⁪ࡲ࡛ࡢ༊㛫ࢆㄪᰝᑐ㇟Ỉᇦ࡜ࡋ㸪㨶㢮ࡢ⛣ື
ไ㝈࡜࡞ࡿ⁪ࡸࢲ࣒ࡢ఩⨨࡟ᇶ࡙࠸࡚ 7 ࡘࡢ㐃⥆ࡋࡓㄪᰝ༊ࢆタᐃࡋࡓ
㸦Section 1–7㸪Fig. 5-1㸧㸬⚄ཎᕝ࡜⥴᪉ᕝ࡛ࡣ㸪ࡇࢀࡲ࡛⚗⁺ᥐ⨨ࡀ࡜ࡽࢀࡓࡇ
࡜ࡣ࡞࠸㸬⁺༠࡟ࡼࡿබᘧ࡞ᨺὶࡣ㸪⚄ཎᕝ࡜ᨭὶἼᮌྜᕝࡢྜὶⅬࡼࡾୗὶ
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ഃ࡛ࡣẖᖺ⾜ࢃࢀ࡚࠸ࡿࡀ㸪⚄ཎᕝࡢ᭱ୖὶ㒊㸦Section 7㸪Fig. 5-1㸧࡛ࡣᐇ᪋
ࡉࢀ࡚࠸࡞࠸㸦኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࠿ࡽࡢ᝟ሗ㸧㸬ࡲࡓ㸪ᮏㄪᰝỈᇦࡼࡾୖὶ࡟
ࡣ㨶㢮ࡀ⏕ᜥࡋ࡚࠸࡞࠸㸦ᮌᮧ㸪1959㸹ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬
 ࣓ࣥࣀࢶࣛ㇂࡜ࡲࢇࡾࡻ࠺㇂ࡣ࡜ࡶ࡟Ἴᮌྜᕝࡢᨭὶ࡛࠶ࡾ㸦Fig. 5-1㸧㸪Ἴ
ᮌྜᕝࡢⓑỈᶫ࠿ࡽ࣓ࣥࣀࢶࣛ㇂᭱ୖὶ㒊ࡢ◁㜵ࢲ࣒ࡲ࡛ࡢ༊㛫㸪࠾ࡼࡧ࣓ࣥ
ࣀࢶࣛ㇂࡜ࡲࢇࡾࡻ࠺㇂ࡢྜὶⅬ࠿ࡽࣄ࣮ࣂࢳࡢ⁪ࡲ࡛ࡢ༊㛫ࡣ 1970 ᖺ࠿ࡽ
⚗⁺࡟࡞ࡗ࡚࠸ࡿ㸬࣓ࣥࣀࢶࣛ㇂࡟ࡣ࢖࣓࣡ࡀ⏕ᜥࡋ࡚࠾ࡾ㸪ࡑࡢ⏕ᜥୖ㝈ࡣ
㙚ῡࡢ⁪㸦ⴠᕪ 16 m㸧࠿ࡽ 400 mୖὶࡢῡࡲ࡛࡛࠶ࡗࡓࡀ㸪1998ᖺ 5᭶࡟⏕
ᜥᇦୖὶ➃ࡢ࢖࣓࣡ᾋୖ⛶㨶 47 ಶయࡀ 520 m ୖὶ࡟⛣᳜ᨺὶࡉࢀ⏕ᜥᇦࡀᣑ
኱ࡉࢀࡓ㸦ᬒᖹ࣭ᚨග㸪2003㸧㸬࣓ࣥࣀࢶࣛ㇂ࡢ㙚ῡࡢ⁪ࡼࡾୗὶഃ࡛ࡣ㸪࢖࣡
࣓ࡣ࢔࣐ࢦ࡜ඹᏑࡋ࡚࠾ࡾ㸪࣓ࣥࣀࢶࣛ㇂௨እࡢἼᮌྜᕝ඲య࡟ࡣ࢔࣐ࢦࡀ⏕
ᜥࡋ࡚࠸ࡿ㸦㏆⸨࣭➉ୗ㸪2005㸧㸬⪺ࡁྲྀࡾㄪᰝ࡛ࡣ㸪ࡲࢇࡾࡻ࠺㇂ࡢࣄ࣮ࣂࢳ
ࡢ⁪ࡢୖὶഃ࡟ 1990 ᖺ௦࡟㣴Ṫ㨶ࡢ㠀බᘧ࡞ᨺὶࡀ࡞ࡉࢀࡓ࡜ࡢ᝟ሗࡀᚓࡽ
ࢀ࡚࠸ࡿ㸦➉⏣ᕷෆࡢᆅඖఫẸ࠿ࡽࡢ᝟ሗ㸧㸬
౪ヨ㨶ࡢ᥇㞟
 ⚄ཎᕝ࡛ࡣ㸪2005ᖺ 9᭶࡟᭱ୖὶ㒊ࡢ Section 7㸦Fig. 5-1㸧࡟࠾࠸࡚࢔࣐ࢦ
63 ಶయ㸦KOH-7A ࡜⾲グ㸪௨ୗྠᵝ㸧ࢆ㣵㔮ࡾ࡟ࡼࡾ᥇ᤕࡋࡓ㸦Table 5-1㸧㸬
Section 7ࡢὶ⛬ࡣ⣙ 1 km࡛࠶ࡾ㸪୍ྜ┠⁪㸦ⴠᕪ 16 m㸧࡟ࡼࡗ࡚ୗὶഃㄪᰝ
༊࠿ࡽ᏶඲࡟㝸㞳ࡉࢀ࡚࠸ࡿ㸬ࡇࡢㄪᰝ༊ࡢ㞟ᅋࢧ࢖ࢬࡣ㸪2005ᖺ 9᭶᫬Ⅼ࡛
500ಶయ௨ୗ࡜᥎ᐃࡉࢀࡓ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࡲࡓ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡟
ࡼࡿ࢔࣐ࢦ⛶㨶ࡢᨺὶࡀ⾜ࢃࢀࡿ๓ࡢ2004ᖺ2–3᭶࡟ࡣ㸪Section 1–7㸦Fig. 5-1㸧
࡟࠾࠸࡚࢔࣐ࢦᾋୖ⛶㨶 121ಶయ㸦KOH-1F–7F㸧ࢆࡓࡶ⥙࡛᥇㞟ࡋࡓ㸬඗ᘵ⛶
㨶ࡢ᥇㞟ࢆྍ⬟࡞㝈ࡾᅇ㑊ࡍࡿࡓࡵ㸪ㄪᰝ༊ 1 km࡟ࡘࡁ 10ಶయ㸪୍ࡘࡢ⩌ࢀ
࠿ࡽࡣ 1ಶయࢆ㝈ᗘ࡜ࡋ࡚᥇㞟ࢆ⾜ࡗࡓ㸬
 Ἴᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂࡛ࡣ㸪2005ᖺ 3–6᭶࡟㙚ῡࡢ⁪ࡼࡾୖὶഃࡢᮏ᮶ࡢ
⏕ᜥᇦ࡛࢖࣓࣡ 10ಶయࢆ㸪2008ᖺ 2᭶࡟⛣᳜ᨺὶ༊㛫࠿ࡽ࢖࣓࣡ 13ಶయࢆ㣵
㔮ࡾ࡟ࡼࡾ᥇ᤕࡋࡓ㸦ྜィ 23ಶయ㸸MEN㸧㸬᥇ᤕ༊㛫ࡢὶ⛬ࡣ⣙ 1 km࡛㸪㙚
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ῡࡢ⁪࡟ࡼࡾୗὶഃỈᇦ࡜᏶඲࡟㝸㞳ࡉࢀ࡚࠸ࡿ㸬㙚ῡࡢ⁪ࡼࡾୖὶഃࡢ࢖࣡
࣓ࡢ㞟ᅋࢧ࢖ࢬࡣ㸪2005ᖺ 6᭶࡜ 2008ᖺ 5᭶࡟࡜ࡶ࡟⣙ 500ಶయ࡜᥎ᐃࡉࢀ
ࡓ㸦ᬒᖹ㸪2009㸧㸬
 Ἴᮌྜᕝࡢࡲࢇࡾࡻ࠺㇂࡛ࡣ㸪2007ᖺ3᭶࡟࣓ࣥࣀࢶࣛ㇂࡜ࡢྜὶⅬ࠿ࡽ200
m ୖὶࡢሖሐ࠿ࡽࣄ࣮ࣂࢳࡢ⁪ࡲ࡛ࡢ༊㛫࡛࢔࣐ࢦ 20 ಶయ㸦MAN㸧ࢆ㣵㔮ࡾ
࡟ࡼࡾ᥇ᤕࡋࡓ㸬᥇ᤕ༊㛫ࡢὶ⛬㛗ࡣ⣙ 1 km ࡛㸪ࡲࢇࡾࡻ࠺㇂࡜࣓ࣥࣀࢶࣛ
㇂ࡢྜὶⅬࡢୖὶഃ࡟఩⨨ࡍࡿ◁㜵ࢲ࣒࡟ࡼࡗ࡚ୗὶഃỈᇦ࠿ࡽ㝸㞳ࡉࢀ࡚࠸
ࡿ㸬ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦࡢ㞟ᅋࢧ࢖ࢬ࡟㛵ࡍࡿ᝟ሗࡣ࡞࠸㸬
 2008ᖺ 5᭶࡟ࡣ㸪1990ᖺ௦࡟ࡲࢇࡾࡻ࠺㇂࡟ᨺὶࡉࢀࡓ㣴Ṫ㨶ࢆ⏕⏘ࡋࡓ࡜
᥎ᐃࡉࢀࡿ኱ศ┴ෆࡢ 1 㣴㨶ሙࡀಖᣢࡍࡿ࢔࣐ࢦ⣔⤫㸦HAT-A㸧࡜࣐࣓ࣖ⣔⤫
㸦HAT-M㸧࠿ࡽ㸪ࡑࢀࡒࢀ 10ಶయࢆ᥇ྲྀࡋࡓ㸬ࡇࡢ㣴㨶ሙ࡛ࡣ㸪HAT-A࡜ HAT-M
ࡢ 2⣔⤫ࡔࡅࡀᩬ⣠ᙧ㉁ࡢ⨾ࡋࡉ㸦ࣃ࣮࣐࣮ࢡ㸪ᑠ㯮Ⅼ㸪ᮒᑠⅬࡢᩘ㸪ᙧែ㸪
㓄⨨➼㸧࡟ᇶ࡙࠸࡚ 20ᖺ௨ୖ࡟ࢃࡓࡾ㑅ᢤ⫱✀ࡉࢀ࡚ࡁࡓ㸬࣐࣓ࣖࡣ໭ᕝỈ⣔
㸦኱ศ┴ࡢ᭱༡➃࡟఩⨨ࡋኴᖹὒすഃ࡟ὶධ㸧※ὶ㒊࡛᥇ᤕࡉࢀࡓಶయ࡟⏤᮶
ࡍࡿࡀ㸪࢔࣐ࢦࡢ⏤᮶ࡣ୙࡛᫂࠶ࡿ㸬
 ⛶㨶௨እࡢ᥇ᤕ㨶ࡣ㸪㔮⋓ᚋ࡟ 2-ࣇ࢙ࣀ࢟ࢩ࢚ࢱࣀ࣮࡛ࣝ㯞㓉ࡋ࡚ᑿཫ㛗ࢆ
 ᐃࡋ㸪⬡㫅ࡲࡓࡣᑿ㫅ࡢ୍㒊ࢆษ㝖ࡋ࡚ 99.5%࢚ࢳࣝ࢔ࣝࢥ࣮ࣝ࡟ಖᏑࡍࡿ
࡜࡜ࡶ࡟㸪㯞㓉࠿ࡽᅇ᚟ࡋࡓࡢࡕ㔮⋓ሙᡤ࡟ᨺὶࡋࡓ㸬⛶㨶ࡣ᥇㞟ᚋ࡟◊✲ᐊ
࡟ᣢࡕᖐࡾ㸪㯞㓉ࡋ࡚ᑿཫ㛗ࢆ ᐃࡋࡓࡢࡕ㸪඲㨶యࢆ 99.5%࢚ࢳࣝ࢔ࣝࢥ࣮
ࣝ୰࡟ಖᏑࡋࡓ㸬ࡍ࡭࡚ࡢヨᩱࡣศᯒࡲ࡛-30°C࡛ಖᏑࡋࡓ㸬
㑇ఏᏊศᯒ
 ౪ヨヨᩱ࠿ࡽ DNeasy Tissue Kit㸦Qiagen, Hilden, Germany㸧ࢆ⏝࠸࡚඲ DNA
ࢆᢳฟࡋࡓ㸬Kawamura et al.㸦2007㸧࡟ᚑ࠸㸪ࢩࢺࢡ࣮࣒ࣟ b ࠿ࡽ 12S rRNA
㸦tRNA-Thr㸪tRNA-Pro㸪ㄪ⠇㡿ᇦ࠾ࡼࡧ tRNA-Pheࢆྵࡴ㸧ࡲ࡛ࡢ⣙ 2.0 kbࡢ
DNA᩿∦㸦D-loop㡿ᇦ㸧㸪࠾ࡼࡧ 16S rRNA࠿ࡽ tRNA-Met㸦tRNA-Leu㸪NADH
subunit 1 㡿ᇦ㸪tRNA-Ile࠾ࡼࡧ tRNA-Glnࢆྵࡴ㸧ࡲ࡛ࡢ⣙ 2.0 kbࡢ DNA᩿
∦㸦ND1 㡿ᇦ㸧ࢆ PCR ࡟ࡼࡾቑᖜࡋࡓ㸬ࣉࣛ࢖࣐࣮ࢭࢵࢺࡣ㸪D-loop 㡿ᇦ࡟
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ࡘ࠸࡚ CB3R-/ ƍ-CAY ATY MAR CCM GAA TGR TAT TT-ƍ࡜ 12SAR-H
ƍ-ATA RTR GGG TAT CTA ATC CYA GTT-ƍ㸧㸦Palumbi et al., 1991㸧㸪ND1㡿ᇦ࡟
ࡘ࠸࡚ࡣ ƍ-ACC CCG CCT GTT TAC CAA AAA CAT-ƍ࡜ ƍ-GGT ATG AGC CCG 
ATA GCT TA-ƍ㸦Hall and Nawrocki, 1995㸧ࢆ⏝࠸ࡓ㸬PCR཯ᛂᾮࡣ 1ಸ⃰ᗘࡢ
GeneAmp PCR Gold Buffer㸪0.1 mMࡢ dNTPs㸪2 mMࡢMgCl2㸪ȝ0ࡢྛࣉ
ࣛ࢖࣐࣮㸪0.5 Uࡢ AmpliTaq Gold DNA polymerase㸦Applied Biosystems㸧㸪ȝO
ࡢ⁛⳦⵨␃Ỉ࠾ࡼࡧ 10–50 ngࡢᢳฟ DNAࢆΰྜࡋࡓ  ȝOࡢ⣔࡜ࡋ㸪PCR཯
ᛂ᮲௳ࡣ㸪GeneAmp PCR System 2720㸦Applied Biosystems, Foster City, CA, USA㸧
ࢆ⏝࠸࡚㸪95ºC ࡛ 10 ศ㛫ࡢึᮇ⇕ኚᛶᚋ㸪⇕ኚᛶ ɋ ⛊㸪࢔ࢽ࣮ࣜࣥࢢ
55ºC/30⛊㸪ఙ㛗཯ᛂ 72ºC/2ศ㛫ࡢࢧ࢖ࢡࣝࢆ 35ᅇ⧞ࡾ㏉ࡋࡓࡢࡕ㸪᭱⤊ఙ㛗
཯ᛂࢆ 72ºC/10ศ㛫࡜ࡋࡓ㸬ᚓࡽࢀࡓ PCR⏘≀ࡢ㛗ࡉࢆ㟁ẼὋື࡟ࡼࡾ☜ㄆࡋ
ࡓࡢࡕ㸪௨ୗࡢ 16✀㢮ࡢไ㝈㓝⣲ࢆ⏝࠸࡚ PCR-RFLPศᯒࢆ⾜ࡗࡓ㸹Aci I㸪
Afa I㸪Alu I㸪Bst UI㸪Cfr 13I㸪Dde I㸪Hae III㸪Hha I㸪Hinc II㸪Hinf I㸪Hsp 92II㸪
Mbo I㸪Msp I㸪Scr FI㸪Taq I࠾ࡼࡧ Tsp EI㸦New England Biolabs, Beverly, MA, USA; 
Promega, Madison, WI, USA; Takara Shuzo, Kyoto, Japan; Toyobo, Tokyo, Japan㸧㸬ྛ
ヨᩱࡢ PCR⏘≀ 5–ȝO࡟ᑐࡋ࡚㸪ྛไ㝈㓝⣲ࢆㄝ᫂᭩࡟ᚑ࠸స⏝ࡉࡏࡓ㸬ᾘ
໬ᚋࡢ DNA᩿∦ࡣ㸪3% NuSieve 3㸸1࢔࣮࢞ࣟࢫ㸦Lonza, Basel, Switzerland㸧
ࢆ⏝࠸࡚ 50 V/1.5᫬㛫ࡢ㟁ẼὋື࡟ࡼࡾศ㞳ࡋ㸪⮯໬࢚ࢳࢪ࣒࡛࢘ᰁⰍࡋࡓࡢ
ࡕ㸪⣸እ⥺↷᫂ୗ࡛᧜ᙳࡋࡓ㸬ྛไ㝈㓝⣲ࡈ࡜࡟ᚓࡽࢀࡓ DNA ᩿∦㛗ࡢࣃࢱ
࣮ࣥࢆࡍ࡭࡚⤫ྜࡋ࡚ mtDNAࣁࣉࣟࢱ࢖ࣉࢆᐃ⩏ࡋࡓ㸬ࡉࡽ࡟㸪PCR-RFLP ࡛
ᚓࡽࢀࡓࡍ࡭࡚ࡢࣁࣉࣟࢱ࢖ࣉ࡟ࡘ࠸࡚ࢲ࢖ࣞࢡࢺࢩ࣮ࢡ࢚ࣥࢫ࡟ࡼࡾሷᇶ㓄
ิࢆỴᐃࡋࡓ㸬ྛ PCR ⏘≀ࡣ illustra ExoProStar㸦GE Healthcare㸧࡛⢭〇ࡋ㸪
PCR-RFLP ࡜ྠࡌࣉࣛ࢖࣐࣮ࢭࢵࢺࢆ⏝࠸࡚ BigDye Terminator v3.1 Cycle 
Sequencing Kit࡟ࡼࡾ ABI PRISM 3130xl Genetic Analyzer㸦Applied Biosystems㸧
࡛཯ᛂࢆ⾜ࡗࡓ㸬ሷᇶ㓄ิࡣ CLUSTAL W㸦Thompson et al. 1994㸧ࢆ⏝࠸࡚࢔
ࣛ࢖࣓ࣥࣥࢺࡋࡓࡢࡕ㸪Kawamura et al.,㸦2007㸧ࡀྂᗙᕝࡢ࢔࣐ࢦ࡟ࡘ࠸࡚ሗ
࿌ࡋࡓሷᇶ㓄ิ㸦GenBank accession nos. AB236731 for D-loop and AB236732 for 
ND1㸧࡜ẚ㍑ࡋࡓ㸬ᮏ◊✲࡛ᚓࡽࢀࡓࣁࣉࣟࢱ࢖ࣉ㸦Hap-1㸹ᚋ㏙㸧ࡣࢪ࣮ࣥࣂ
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ࣥࢡ࡟Ⓩ㘓ࡋࡓ㸦GenBank under accession nos. LC055411 for D-loop and LC055412 
for ND1㸧㸬
㑇ఏᏛⓗゎᯒ
 ࡍ࡭࡚ࡢ mtDNAࣁࣉࣟࢱ࢖ࣉ㛫ࡢ⣔⤫㛵ಀࢆㄪ࡭ࡿࡓࡵ㸪ࢥࣥࣆ࣮ࣗࢱ࣮࣭
ࣉࣟࢢ࣒ࣛ TCS version 1.21㸦Clement et al. 2000㸧ࢆ⏝࠸࡚ࣁࣉࣟࢱ࢖ࣉ࣭ࢿࢵ
ࢺ࣮࣡ࢡ㸦95㸣⤫ィⓗ᭱⠇⣙ࢿࢵࢺ࣮࣡ࢡ㸧ࢆᵓ⠏ࡋࡓ㸬ྛ㞟ᅋෆࡢ㑇ఏⓗከ
ᵝᛶࡢᣦᶆ࡜ࡋ࡚㸪ࣁࣉࣟࢱ࢖ࣉᩘ㸪ࣁࣉࣟࢱ࢖ࣉከᵝᗘ㸦h㸹᰿஭㸪1990㸧㸪
ሷᇶከᵝᗘ㸦ʌ㸹᰿஭㸪1990㸧ࢆ ARLEQUIN version 3.5㸦Excoffier and Lischer 2010㸧
ࢆ⏝࠸࡚ᐃ㔞໬ࡋࡓ㸬㞟ᅋ㛫ࡢ㑇ఏⓗከᵝᛶࡣ㸪3 ࡘࡢ㝸㞳㞟ᅋ㸦KOH-7A㸪
MEN࠾ࡼࡧMAN㸧ࡔࡅ࡟ࡘ࠸࡚ㄪ࡭㸪ᾋୖ⛶㨶ࡢ㞟ᅋ㸦KOH-1F–7F㸧࡟ࡘ࠸
࡚ࡣ family effectࡀண᝿ࡉࢀࡓࡓࡵ㸪ศᯒࢆᐇ᪋ࡋ࡞࠿ࡗࡓ㸦Nielsen et al. 2001㸧㸬
㑇ఏⓗከᵝᛶࡢᣦᶆ࡜ࡋ࡚㸪3ࡘࡢ㝸㞳㞟ᅋ㛫ࡢ ĭST㸦ĭ-statistics; Excoffier et al., 
1992㸧ࢆ ARLEQUIN ࡟ࡼࡾ⟬ฟࡋ㸪10,000 ᅇࡢ୪࡭᭰࠼᳨ᐃ࡟ࡼࡾ᭷ពᛶࡢ
ุᐃࢆ⾜ࡗࡓ㸬ࡲࡓ㸪㞟ᅋ㛫ࡢࣁࣉࣟࢱ࢖ࣉ㢖ᗘࡢᕪ␗ࢆ ARLEQUIN ࡢṇ☜
☜⋡᳨ᐃ㸦Raymond and Rousset㸪1995㸧࡟ࡼࡾㄪ࡭㸪10,000ᅇࡢ de-memorization 
stepࢆྵࡴ 100,000ᅇࡢ࣐ࣝࢥࣇ㐃㙐ࢧࣥࣉࣜࣥࢢ࡟ࡼࡿ᭷ពᛶุᐃࢆ⾜ࡗࡓ㸬
⤖ ᯝ
ࣁࣉࣟࢱ࢖ࣉࡢ≉ᚩ࡜ศᕸ
 ࡍ࡭࡚ࡢ౪ヨ㨶㸦247ಶయ㸧࡟ࡘ࠸࡚㸪mtDNAࡢ D-loop㡿ᇦ࡜ ND1㡿ᇦࡢ
PCR-RFLP࠿ࡽᚓࡽࢀࡓከᆺࣃࢱ࣮ࣥࢆ⤫ྜࡋࡓ⤖ᯝ㸪11✀㢮ࡢࣁࣉࣟࢱ࢖ࣉ
ࡀᚓࡽࢀࡓ㸦௨ᚋ㸪Hap-1–11࡜⾲グ㸹Table 5-2㸧㸬D-loop㡿ᇦ࡛ࡣ DNA㛗ࡢከ
ᆺࡀぢࡽࢀ㸪Hap-1–4࡜ Hap-6–11ࡣ 1,944-bp࡛࠶ࡗࡓࡀ㸪Hap-5࡛ࡣㄪ⠇㡿ᇦ
ࡢ 839 ␒┠ሷᇶࡢ఩⨨࡟ 82-bp ࡢᤄධࡀ࠶ࡾ㸪DNA 㛗ࡣ 2,026-bp ࡛࠶ࡗࡓ㸬
ND1 㡿ᇦ࡛ࡣ㸪ᮏ◊✲᳨࡛ฟࡉࢀࡓࣁࣉࣟࢱ࢖ࣉ㛫࡟ DNA 㛗ከᆺࡣࡳࡽࢀ࡞
࠿ࡗࡓ㸬ᚓࡽࢀࡓ 11✀㢮ࡢࣁࣉࣟࢱ࢖ࣉ㛫ࡢሷᇶ㓄ิࡢᕪ␗ࡣ 0.53 ± 0.29 % 
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㸦ᖹᆒ್ ± ᶆ‽೫ᕪ㸧࡛࠶ࡗࡓ㸬D-loop 㡿ᇦ࡟ࡣ㌿఩ࡀ 8 ࠿ᡤ㸪㌿᥮ࡀ 2 ࠿
ᡤ࠶ࡾ㸪ND1㡿ᇦ࡟ࡣ㌿఩ࡀ 9࠿ᡤ㸪㌿᥮ࡀ 4࠿ᡤㄆࡵࡽࢀࡓ㸦Table 5-2㸧㸬
 Hap-1ࡣ 3ࡘࡢ㝸㞳㞟ᅋ࡛ඹ᭷ࡉࢀ㸪࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧
࡛ᅛᐃ㸦100%㸧㸪⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧࡛ඃ༨ࡋࡓࡀ㸦90.5%㸧㸪
ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧࡛ࡣᑡ࡞࠿ࡗࡓ㸦10.0%㸹Fig. 5-1㸪Table 
5-3㸧㸬࢔࣐ࢦಶయ⩌ KOH-7A࡛ࡣ㸪Hap-4 ࡀᑡᩘ㸦9.5%㸧ࡳࡽࢀࡓ㸬୍᪉㸪࢔
࣐ࢦಶయ⩌ MAN ࡛ࡣ㣴㨶ሙࡢ࢔࣐ࢦ⣔⤫㸦HAT-A㸧࡟ࡳࡽࢀࡿ Hap-8 ࡀඃ༨
ࡋ㸦70.0%㸧㸪Hap-2㸦20.0%㸧ࡀࡇࢀ࡟ḟ࠸ࡔ㸬Hap-1 ࡣࡍ࡭࡚ࡢ⛶㨶ಶయ⩌
㸦KOH-1F–7F㸧࡟ࡶඹ᭷ࡉࢀ㸪ࡍ࡭࡚ࡢࣁࣉࣟࢱ࢖ࣉ୰࡛᭱ࡶ㧗࠸㢖ᗘ㸦62.8%㸧
ࢆ♧ࡍ࡜࡜ࡶ࡟㸪᭱ୖὶ㒊ࡢಶయ⩌ KOH-7F ࡛ࡣ༢୍࡛࠶ࡗࡓ㸬Hap-1 ௨እࡢ
ࣁࣉࣟࢱ࢖ࣉࡢ࠺ࡕ 8✀㢮㸦Hap-2–3㸪Hap-5–10㸧ࡣ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡟ࡼ
ࡾẖᖺබᘧ࡞ᨺὶࡀ࡞ࡉࢀ࡚࠸ࡿㄪᰝỈᇦࡢ୰ὶ࠿ࡽୗὶഃ㸦Section 1–4㸧ࡢ
ಶయ⩌㸦KOH-1F–4F㸧࠿ࡽᚓࡽࢀࡓࡀ㸦Table 5-3㸧㸪Hap-4ࡣୖὶഃ㸦Section 5–
6㸧ࡢಶయ⩌㸦KOH-5F–6F㸧ࡔࡅ࠿ࡽᚓࡽࢀࡓ㸬㣴㨶ሙࡢ⣔⤫ࡢ࠺ࡕ㸪࢔࣐ࢦ
㸦HAT-A㸧࡛ ࡣHap-8࡜Hap-11ࡀࡑࢀࡒࢀ 40.0%࡜ 60.0%᳨ฟࡉࢀࡓࡢ࡟ᑐࡋ㸪
࣐࣓ࣖ㸦HAT-M㸧࡛ࡣ Hap-7ࡔࡅࡀᚓࡽࢀࡓ㸬Hap-7 ࡜ Hap-8 ࡣ㸪ࡑࢀࡒࢀ⛶
㨶ಶయ⩌㸦KOH-3F–4F㸧࡛ࡶ☜ㄆࡉࢀࡓ㸦Table 5-3㸧㸬ࣁࣉࣟࢱ࢖ࣉࢿࢵࢺ࣮࣡
ࢡ࡛ࡣ㸪⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧࡜Ἴᮌྜᕝࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧
࡛㢖ᗘࡢ㧗࠸ Hap-1ࡣ㸪2ࡘࡢ࢔࣐ࢦࡢ㝸㞳ಶయ⩌㸦KOH-7A࡜MAN㸧࡛☜ㄆ
ࡉࢀࡓ 3ࡘࡢࣁࣉࣟࢱ࢖ࣉ㸦Hap-2㸪Hap-4㸪Hap-8㸧࡜ 7–9ሷᇶࡢ⨨᥮࡛㝸࡚ࡽ
ࢀࡓ㸦Fig. 5-2㸧㸬㣴㨶ሙࡢ࢔࣐ࢦ㸦HAT-A㸧࠿ࡽᚓࡽࢀࡓ Hap-8࡜ Hap-11ࡢᕪ
ࡣ 1ሷᇶ࡛࠶ࡗࡓ㸬
㞟ᅋෆ࠾ࡼࡧ㞟ᅋ㛫ࡢ㑇ఏⓗከᵝᛶ
 ࣁࣉࣟࢱ࢖ࣉከᵝᗘ࡜ሷᇶከᵝᗘࡣࡑࢀࡒࢀ 0–0.714㸪0–0.0035 ࡢ⠊ᅖ࡟࠶
ࡗࡓ㸦Table 5-3㸧㸬ࣁࣉࣟࢱ࢖ࣉከᵝᗘࡣ㸪බᘧ࡞ᨺὶࡀ࠶ࡿỈᇦ㸦Sction 2–4㸧
ࡢ࢔࣐ࢦᾋୖ⛶㨶ಶయ⩌㸦KOH-F2–F4㸧࡜㠀බᘧ࡞ᨺὶࡀ␲ࢃࢀࡿࡲࢇࡾࡻ࠺
㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧࡛㧗࠿ࡗࡓ㸬ሷᇶከᵝᗘࡣ㸪኱ࡁࡃ␗࡞ࡿࣁࣉࣟࢱ
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࢖ࣉࢆྵࡴ⛶㨶ࡢಶయ⩌㸦KOH-3F࡟࠾ࡅࡿHap-5࡜௚ࡢࣁࣉࣟࢱ࢖ࣉ㸪KOH-6F
࡟࠾ࡅࡿ Hap-4࡜௚ࡢࣁࣉࣟࢱ࢖ࣉ㸧࡛ 㧗࠿ࡗࡓ㸬3ࡘࡢ㝸㞳ಶయ⩌㸦KOH-7A㸪
MEN࠾ࡼࡧMAN㸧඲యࡢ ĭSTࡣ㧗࠸್ࢆ♧ࡋࡓ㸦ĭST = 0.65, P < 0.001㸧㸬3ಶ
య⩌ࡢ⤌ࡳྜࢃࡏࡢ࠺ࡕ㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧࡜௚ࡢಶయ⩌
࡜ࡢ⤌ࡳྜࢃࡏ࡛ࡣ㸪ĭST್ࡣ᭷ព࡟ 0࡜␗࡞ࡗ࡚࠸ࡓࡀ㸦ĭST = 0.715–0.838㸪
P < 0.001㸹Table 5-4㸧㸪⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧࡜࣓ࣥࣀࢶࣛ㇂ࡢ࢖
࣓࣡㸦MEN㸧ࡢ⤌ࡳྜࢃࡏ࡛ࡣ 95%ಙ㢗༊㛫࡟ 0ࡀྵࡲࢀࡓ㸦ĭST = 0.039, P =
0.182㸧㸬ࣁࣉࣟࢱ࢖ࣉ㢖ᗘ࡟ࡘ࠸࡚ࡶ KOH-7A ࡜ MEN ࡢ㛫࡛ࡣ᭷ព࡞ᕪࡀࡳ
ࡽࢀ࡞࠿ࡗࡓࡀ㸦P = 0.186䠅䠈௚䛾⤌䜏ྜ䜟䛫䛷䛿᭷ព䛺ᕪ䛜☜ㄆ䛥䜜䛯䠄P <
0.001䠅䠊
⪃ ᐹ
ᅾ᮶ಶయ⩌ࡢ≉ᐃ
 ᮏ◊✲࡛ᚓࡽࢀࡓ mtDNA ࣁࣉࣟࢱ࢖ࣉ Hap-1 ࡣ㸪ࡇࢀࡲ࡛ᨺὶࡀ⾜ࢃࢀ࡞
࠿ࡗࡓ࡜ண᝿ࡉࢀࡿἼᮌྜᕝ࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧࡛ᅛᐃࡋ㸪
⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧࡛ඃ༨ࡋ࡚࠸ࡓ㸬ࡉࡽ࡟㸪Hap-1ࡣࡍ࡭࡚ࡢ
࢔࣐ࢦᾋୖ⛶㨶ಶయ⩌㸦KOH-1F-7F㸧࡟ࡶࡳࡽࢀ᭱ࡶ㧗࠸㢖ᗘࢆ♧ࡋࡓࡀ㸪㣴
㨶ሙࡢ࢔࣐ࢦ࠿ࡽࡣ඲ࡃ᳨ฟࡉࢀ࡞࠿ࡗࡓ㸦Table 5-3㸧㸬ࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪
Hap-1 ࡣ⚄ཎᕝ࡜Ἴᮌྜᕝ࡟⏕ᜥࡍࡿ࢔࣐ࢦࡢᅾ᮶ࡢࣁࣉࣟࢱ࢖ࣉ࡛࠶ࡿ࡜⪃
࠼ࡽࢀࡿ㸬ࡶࡋ௬࡟㸪㐣ཤ࡟㣴㨶ሙࡢ࢔࣐ࢦࡀ࢖࣓࣡ಶయ⩌㸦MEN㸧⏕ᜥᇦ࡟
ᨺὶࡉࢀ㸪࢖࣓࣡࡜஺㓄ࡋ࡚࠸ࡓ࡜௬ᐃࡍࡿ࡜㸪㣴㨶ሙࡢ࢔࣐ࢦࡣከࡃࡢሙྜ
㏻ᖖࡢయⰍࢆᣢࡘ࡜⪃࠼ࡽࢀࡿࡇ࡜࠿ࡽ㸪ᨺὶࡢ⑞㊧ࡀ࢖࣓࣡ಶయ⩌୰࡟࠾ࡅ
ࡿ࢔࣐ࢦࡢฟ⌧ࡸ࢔࣐ࢦࡢ㢖ᗘቑຍ࡜ࡋ࡚ṧࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋᐇ㝿࡟ࡣ㸪
࢖࣓࣡ࡣグ㍕ࡉࢀࡓ 1961ᖺ㸦Kimura and Nakamura, 1961㸧௨᮶Ꮡ⥆ࡋ࡚࠾ࡾ㸪
≉࡟᭱㏆ࡢᑡ࡞ࡃ࡜ࡶ 20 ᖺ㛫ࡣ㙚ῡࡢ⁪ࡢୖὶഃ࡛༢⊂⏕ᜥᇦࢆᙧᡂࡋ࡚࠸
ࡿ㸦ᬒᖹ࣭ᚨග㸪2003㸹㏆⸨࣭➉ୗ㸪2005㸧㸬ࡇࢀࡽࡢࡇ࡜ࡣ㸪࣓ࣥࣀࢶࣛ㇂ࡢ
࢖࣓࣡ಶయ⩌㸦MEN㸧ࡀᅾ᮶ࡢࣁࣉࣟࢱ࢖ࣉࢆಖᣢࡋ࡚࠸ࡿࡇ࡜㸪ࡍ࡞ࢃࡕ㸪
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ᅾ᮶ಶయ⩌࡛࠶ࡿࡇ࡜ࢆᙉࡃ♧၀ࡍࡿ㸬ࡇࡢ᥎ㄽࡀṇࡋࡅࢀࡤ㸪ྠࡌ Hap-1ࡀ
ඃ༨ࡋ࡚࠸ࡓ⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧ࡶ㸪ᅾ᮶ಶయ⩌࡛࠶ࡿ࡜⪃࠼
ࡿࡇ࡜ࡀ࡛ࡁࡿ㸬
 ୍᪉㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦ㸦MAN㸧࡛ࡣ㸪㣴㨶ሙࡢ࢔࣐ࢦ㸦HAT-A㸧࡟ࡳ
ࡽࢀࡓ Hap-8 ࡀඃ༨ࡋ࡚࠸ࡓ㸦Fig. 5-1㸪Table 5-3㸧㸬௚Ỉᇦ࡛ࡢඛ⾜◊✲
㸦Kawamura et al. 2007㸹Kubota et al. 2007㸧࡛ᣦ᦬ࡉࢀ࡚࠸ࡿ࡜࠾ࡾ㸪኱ศ┴ෆ
࡛ࡶ㸪ከࡃࡢ㣴㨶ሙ࡟࠾࠸࡚」ᩘࡢἙᕝࡸ㣴㨶ሙ࡟⏤᮶ࡍࡿ⣔⤫ࡀ㣴Ṫࡉࢀ࡚
࠸ࡿ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࡋ࠿ࡋ㸪ᮏ◊✲࡛ㄪᰝࡋࡓ㣴㨶ሙ࡛ࡣ㸪2ࡘࡢ⣔⤫
㸦HAT-A࡜ HAT-M㸧ࡔࡅࡀయⰍࡸᩬ⣠ᙧ㉁ࡢ⨾ࡋࡉ࡟ᇶ࡙࠸࡚ 20ᖺ௨ୖ࡟ࢃ
ࡓࡾ㑅ᢤ⫱✀ࡉࢀ࡚࠸ࡿ㸬ࡇࡢ࠺ࡕࡢ࢔࣐ࢦ⣔⤫㸦HAT-A㸧ࡀ㸪1990ᖺ௦࡟ࡲ
ࢇࡾࡻ࠺㇂࡟ᨺὶࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࡇ࡜࠿ࡽ㸪ᮏ◊✲࡛ 2008ᖺ࡟᥇ྲྀࡋࡓ࢔
࣐ࢦ⣔⤫㸦HAT-A㸧ࡢಶయࡣ㸪ᨺὶࡉࢀࡓᙜ᫬ࡢࣁࣉࣟࢱ࢖ࣉࢆಖᣢࡋ࡚࠸ࡿ
࡜ᮇᚅࡉࢀࡿ㸬ࡲࡓ㸪HAT-A࠿ࡽࡣ 2ࡘࡢࣁࣉࣟࢱ࢖ࣉ㸦Hap-8࡜ Hap-11㸧ࡀ
ᚓࡽࢀࡓࡀ㸪୧⪅ࡢ㐪࠸ࡣࢃࡎ࠿ 1 ሷᇶࡢ⨨᥮࡛࠶ࡗࡓ㸬ࡇࢀࡽࡢ mtDNA ศ
ᯒ⤖ᯝ࠿ࡽ㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧ࡢ኱㒊ศࡣ㸪㠀බᘧ࡟ᨺὶ
ࡉࢀࡓ㣴㨶ሙࡢ࢔࣐ࢦ⣔⤫࡟⨨ࡁ᥮ࢃࡗࡓࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ㸪ಶయ⩌
MAN ࡣࣄ࣮ࣂࢳࡢ⁪ࡼࡾୗὶഃ࡛᥇ᤕࡉࢀࡓಶయ࡛ᙧᡂࡉࢀ࡚࠾ࡾ㸪ࡲࢇࡾ
ࡻ࠺㇂࡟⏕ᜥࡍࡿࡍ࡭࡚ࡢ࢔࣐ࢦಶయ⩌ࢆ௦⾲ࡍࡿࡶࡢ࡛ࡣ࡞࠸㸬㣴Ṫ㨶ࡢ㠀
බᘧ࡞ᨺὶࡣࣄ࣮ࣂࢳࡢ⁪ࡼࡾୖὶഃ࡛⾜ࢃࢀࡓࡶࡢࡢ㸪࢔࣐ࢦἙᕝᆺಶయ⩌
ࡢ㧗࠸ᐃఫᛶ㸦Nakano et al., 1990㸹㏆⸨࣭➉ୗ㸪2005㸧ࢆ⪃៖ࡍࡿ࡜㸪⁪࡛㝸
㞳ࡉࢀࡓ࡝ࡇ࠿ูࡢሙᡤ࡟ᅾ᮶㨶ࡀ⏕ᜥࡋ࡚࠸ࡿྍ⬟ᛶࡣྰᐃ࡛ࡁ࡞࠸㸬
ಖ඲༢఩
 Ἑᕝᛶࢧࢣ⛉㨶㢮ࡢᅾ᮶ಶయ⩌ࡣ㸪ࢲ࣒ࡸ⮬↛⁪࡛㝸㞳ࡉࢀࡓ⊃࠸※ὶᇦ࡟
⏕ᜥࡍࡿࡇ࡜ࡀከࡃ㸪ࡋࡤࡋࡤప࠸㑇ఏⓗከᵝᛶ࡜㧗࠸㏆஺ᙅໃࡢࣜࢫࢡࢆ♧
ࡍ㸦Yamamoto et al., 2004㸹Kubota et al., 2007㸧㸬ᮏ◊✲࡟࠾࠸࡚ࡶ㸪ᨺὶࡀ⾜ࢃ
ࢀ࡚࠸࡞࠸࡜ண᝿ࡉࢀࡓ 2ࡘࡢ㝸㞳㞟ᅋ㸦KOH-7A࡜MEN㸧ࡣ㸪ᨺὶࡀ⾜ࢃࢀ
࡚࠸ࡿỈᇦࡢ㞟ᅋ࡟ẚ࡭ప࠸㑇ఏⓗከᵝᛶࢆ♧ࡋࡓ㸦Table 5-3㸧㸬ࡇࢀࡣ㸪㑇ఏ
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Ꮚὶືࡢไ㝈ࡸ㝸㞳ࡉࢀࡓ⏕ᜥᆅࡢᑠࡉ࡞⎔ቃ཰ᐜຊ࡟ࡼࡗ࡚ࡶࡓࡽࡉࢀࡓ࡜
⪃࠼ࡽࢀࡿ㸦Kawamura et al. 2007㸹Kubota et al. 2007㸹Sato et al. 2010㸧㸬ࡇࢀࡽ
ࡢ㑇ఏⓗ࡞⬣ጾࢆ⦆࿴ࡍࡿࡓࡵࡢ᪉ἲ࡜ࡋ࡚㸪ಖ඲༢఩ෆ㒊ࡢศ㞟ᅋ㛫࡟࠾ࡅ
ࡿᅾ᮶㨶ࡢ⛣᳜ࡀᥦ᱌ࡉࢀ࡚࠸ࡿ㸦Kawamura et al., 2007㸹Kanaiwa and Harada 
2010㸹Sato et al., 2010㸧㸬୍᪉㸪ྛศ㞟ᅋࡀᒁᡤ㐺ᛂࡋ࡚࠸ࡿሙྜ࡟ࡣ㸪୰❧㑇
ఏ࣐࣮࣮࢝࡟࠾ࡅࡿ㑇ఏⓗᵓ㐀ࡢ୙ᅾࡢࡳ࡟ᇶ࡙࠸࡚ศ㞟ᅋ㛫࡛⛣᳜ࢆ⾜࠺࡜㸪
␗⣔஺㓄ᙅໃࡀ⏕ࡌࡿྍ⬟ᛶࡀᣦ᦬ࡉࢀ࡚࠸ࡿ㸦Stockwell et al., 2003㸧㸬ࡋࡓࡀ
ࡗ࡚㸪ಖ඲༢఩ࡢỴᐃࡣ㑇ఏⓗ㸪ᙧែᏛⓗ㸪⏕ែᏛⓗ࡞≉ᚩ࡟ᇶ࡙ࡁៅ㔜࡟⾜
ࢃࢀࡿᚲせࡀ࠶ࡿ㸦Crandall et al., 2000㸹Garcia de Leaniz et al., 2007㸧㸬Ἴᮌྜᕝ
࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧࡜⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧ࡣ㸪
mtDNAศᯒ࡛ࡣ⤫ィᏛⓗ࡟༊ูࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓࡀ㸦Table 5-4㸧㸪୧⪅
ࡣయⰍ࡟࠾࠸࡚᏶඲࡟␗࡞ࡗ࡚࠾ࡾ㸪ࡇࡢయⰍࡢ㐪࠸࡟ࡣ᰾ DNA ࡟࠾ࡅࡿ㑇
ఏⓗᇶ┙ࡀᏑᅾࡍࡿࡇ࡜ࡀᐇ㦂࠿ࡽ᫂ࡽ࠿࡛࠶ࡿ㸦ᒣෆ㸪1982㸹ᚨග㸪2003㸧㸬
ࡉࡽ࡟㸪㏆⸨࣭➉ୗ㸦2005㸧ࡣ࣓ࣥࣀࢶࣛ㇂࡛ࡣ࢖࣓࣡ࡢ⏘༸ᮇࡀྠᡤⓗ࡟⏕
ᜥࡍࡿ࢔࣐ࢦࡼࡾ㐜ࢀࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ㸦ࡓࡔࡋ Kano et al., 2006ࡶཧ↷㸧㸬
ࢹ࣮ࢱࡀ♧ࡉࢀ࡚࠸࡞࠸ࡶࡢࡢ㸪ྠᵝࡢᣦ᦬ࡣ࢖࣓࣡ࢆኳ↛グᛕ≀࡟ᣦᐃࡍࡿ
㝿ࡢ⏦ㄳ᭩㢮㸦⏣ᓥ㸪1965㸧࡟ࡶグ㏙ࡉࢀ࡚࠸ࡿ㸬ࡋࡓࡀࡗ࡚㸪Ἴᮌྜᕝ࣓ࣥ
ࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧࡜⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧ࡣ㸪ࡑ
ࢀࡒࢀ⊂❧ࡋࡓ༢఩࡜ࡋ࡚ಖ඲ࡍ࡭ࡁ࡜⪃࠼ࡽࢀࡿ㸬
ಖ඲ࡢᥦ᱌࡜ᐇ㊶
 Ἴᮌྜᕝࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧ࡣ㸪ࣄ࣮ࣂࢳࡢ⁪ࡢୗὶഃࡢ
⚗⁺༊࡟⏕ᜥࡋ࡚࠾ࡾ㸪㐟⁺⪅࡟ࡼࡿ㠀බᘧ࡞ᨺὶࡣ 1990ᖺ௦࡟⁪ࡢୖὶഃ࡛
⾜ࢃࢀࡓ㸬㣴Ṫ㨶ࡀᨺὶࡉࢀࡓ⌮⏤ࡣ㸪⚗⁺༊ࡢୖ㝈࡛࠶ࡿࣄ࣮ࣂࢳࡢ⁪ࡼࡾ
ୖὶഃ࡛ࡣ㐟⁺ࡀྍ⬟࡛࠶ࡿࡓࡵ࡜⪃࠼ࡽࢀ㸦㏆⸨࣭➉ୗ㸪2005㸧㸪ࡲࢇࡾࡻ࠺
㇂ࡢ࢔࣐ࢦಶయ⩌㸦MAN㸧ࡣ㸪⁪ࡢୖὶഃ࠿ࡽὶୗࡋ࡚ࡁࡓ㣴Ṫ㨶ࡢ㑇ఏᏊᾐ
㏱ࢆཷࡅࡓ࡜⪃࠼ࡽࢀࡿ㸬ࡶࡋྠᵝࡢᨺὶࡀ࣓ࣥࣀࢶࣛ㇂ࡢ⚗⁺༊ࡢୖ㝈㸦᭱
ୖὶ㒊ࡢ◁㜵ሖሐ㸧ࡼࡾୖὶഃ࡛࡞ࡉࢀࡓሙྜ࡟ࡣ㸪ᨺὶᆅⅬ࠿ࡽὶୗࡋ࡚ࡁ
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ࡓ࢔࣐ࢦ࡜ࡢ஺㓄࡟ࡼࡗ࡚㸪࢖࣓࣡ಶయ⩌ࡣᾘ⁛ࡍࡿྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿ㸬ࡋ
ࡓࡀࡗ࡚㸪Ἴᮌྜᕝ࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌㸦MEN㸧࡜ࡲࢇࡾࡻ࠺㇂ࡢ࢔
࣐ࢦಶయ⩌㸦MAN㸧ࢆಖ඲ࡍࡿࡓࡵ࡟ࡣ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡜኱ศ┴ࡢつ๎
࡛タᐃࡉࢀ࡚࠸ࡿ⚗⁺༊ࡢୖ㝈ࢆ᧔ᗫࡋ㸪ࡉࡽ࡟ᨺὶࢆ⚗Ṇࡍࡿࡇ࡜ࡀᚲせ࡛
࠶ࡿ㸬
 ⚄ཎᕝࡢ࢔࣐ࢦಶయ⩌㸦KOH-7A㸧ࡣ㸪ࡇࢀࡲ࡛᥎ㄽࡋ࡚ࡁࡓ࡜࠾ࡾ㸪⚄ཎ
ᕝୖὶᇦ࡟࠾ࡅࡿᅾ᮶ಶయ⩌࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡲࡓ㸪஑ᕞ࡟࠾࠸࡚ᴟࡵ࡚
ᕼᑡ࡞ᅾ᮶࢔࣐ࢦಶయ⩌ࡢ 1ࡘ࡛࠶ࡿ࡜࡜ࡶ࡟㸪࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡ಶయ⩌
㸦MEN㸧࡜᭱ࡶ⥭ᐦ࡞㛵ಀ࡟࠶ࡿ࢔࣐ࢦಶయ⩌࡜ண᝿ࡉࢀࡿࡇ࡜࠿ࡽ㸪࢔࣐ࢦ
ಶయ⩌ KOH-7Aࡣಖ඲ࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡇ࠺ࡋࡓⴭࡋ࠸⊂⮬ᛶ࡟
ࡶ࠿࠿ࢃࡽࡎ㸪ᮏ◊✲ࡀ⾜ࢃࢀࡿࡲ࡛KOH-7Aࡣ⁺ᴗ࣭ 㐟⁺࡟㛤ᨺࡉࢀ࡚ࡁࡓ㸬
 ᮏ◊✲⤖ᯝ࡟ᇶ࡙ࡁ㸪኱ศ┴ࡣ኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ㸪➉⏣ᕷ㸪ᆅඖ㐟⁺⪅ᅋ
య➼࡟ᑐࡋ࡚௨ୗࡢ 3ࡘࡢᥦ᱌ࢆ⾜ࡗࡓ㸸1㸧Ἴᮌྜᕝ࡟࠾ࡅࡿ⚗⁺༊ୖ㝈ࡢ᧔
ᗫ㸪2㸧ྠἙᕝࡢ⚗⁺༊࡟࠾ࡅࡿᨺὶࡢ⚗Ṇ㸪3㸧⚄ཎᕝࡢ୍ྜ┠⁪ࡼࡾୖὶ඲
ᇦ࡟࠾ࡅࡿ⁺ᴗ࣭㐟⁺࠾ࡼࡧᨺὶࡢ⚗Ṇ㸬ࡇࢀࡽࡢᥦ᱌ࡣཷࡅධࢀࡽࢀ㸪2009
ᖺ࠿ࡽᐇ㊶ࡉࢀࡓ㸦ヲ⣽ࢆ➨ 6❶ ⥲ྜ⪃ᐹ࡛グ㏙ࡍࡿ㸧㸬
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Fig. 5-1. Map of sampling sections with pie diagrams showing the distribution of 
mtDNA haplotype frequencies among amago and iwame populations in the Ogata 
River and its tributaries, the Kohbaru and the Hakiai streams, northeastern Kyushu, 
Japan. Sampling sections are circled with broken lines. Capital letters (A–E) indicate 
falls (A: Ichigome Falls, B: Yoroibuchi Falls, C: Hiibachi Falls), a bridge (D: Shirouzu 
Bridge), and an erosion control dam (E). No fishing has been allowed since 1970 from 
the Shirouzu Bridge (D) to the uppermost dam (E) in Mennotsura-dani and from the 
junction with Mennotsura-dani to Hiibachi Falls (C) in Manryo-dani. For details of 
samples, see Table 5-1.
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Fig. 5-2. The most parsimonious network of mtDNA haplotypes detected from two 
amago populations, one iwame population, seven populations of amago fry from the 
Kohbaru and Hakiai streams, and hatchery populations of amago and masu salmon. 
Numeral in each circle corresponds to the haplotype number in Fig. 5-1 and Tables 5-2
and 5-3, and mt1 represents the haplotype previously observed in amago by Kawamura 
et al. (2007). Circles surrounded by heavy lines represent the haplotypes detected from 
the three isolated populations. Small circles indicate missing haplotypes.
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Table 5-4. Estimated SDLUZLVH ĭ67 EHORZ
diagonal) and P-value of the pairwise exact test of 
population differentiation (above diagonal) among 
three isolated populations (i.e., two amago 
populations [KOH-7A, MAN] and one iwame 
population [MEN]).
ĭST overall value = 0.650 (P < 0.0001).
* P < 0.0001
Population KOH-7A MEN MAN
KOH-7A 0.186 < 0.001
MEN 0.039 < 0.001
MAN 0.715* 0.838*
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➨ 6❶ ⥲ྜ⪃ᐹ
 ᮏ◊✲࡛ࡣ㸪஑ᕞ໭ᮾ㒊࡟࠾ࡅࡿ࢔࣐ࢦࡢಖ඲ࢆᅗࡿࡓࡵ㸪኱ศ┴኱㔝ᕝỈ
⣔⥴᪉ᕝ࡜ࡑࡢᨭὶ㸪⚄ཎᕝ࡜Ἴᮌྜᕝࢆᑐ㇟Ỉᇦ࡜ࡋ࡚㸪⏕ᜥᇦ඲య࡟ࢃࡓ
ࡿ࢔࣐ࢦࡢὶ⛬ศᕸࡢ≉ᚩࢆᢕᥱࡍࡿࡓࡵࡢ㨶㢮⩌㞟ゎᯒ㸦➨ 2❶㸧㸪⮬↛෌⏕
⏘ࡢᐇែࢆᢕᥱࡍࡿࡓࡵࡢᾋୖ⛶㨶ศᕸㄪᰝ㸦➨ 3❶㸧㸪⮬↛෌⏕⏘ࡢಁ㐍࡟ᚲ
せ࡞▱ぢࢆᢕᥱࡍࡿࡓࡵࡢᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝ㄪᰝ㸦➨ 4❶㸧㸪ࡑࡋ࡚ᅾ᮶
࢔࣐ࢦಶయ⩌ࡢ⏕ᜥỈᇦࢆ≉ᐃࡍࡿࡓࡵࡢ㑇ఏᵓ㐀ศᯒ㸦➨ 5❶㸧ࢆᐇ᪋ࡋࡓ㸬
 ᮏ❶࡛ࡣ㸪ྛ❶ࡢෆᐜࢆ஑ᕞ໭ᮾ㒊࡟࠾ࡅࡿ࢔࣐ࢦࡢಖ඲࡜࠸࠺┠ⓗ࡟ἢࡗ
࡚ᨵࡵ࡚ホ౯㸪ゎ㔘ࡍࡿ࡜࡜ࡶ࡟㸪ྛ❶࡛ಶู࡟ᚓࡽࢀࡓ⤖ᯝࡢ㛵㐃ᛶࢆ᳨ウ
ࡍࡿࡇ࡜࡛㸪ᮏㄪᰝỈᇦ࡟࠾ࡅࡿ࢔࣐ࢦಖ඲⟇ࡢ඲యീࢆᑟฟࡍࡿࡇ࡜ࢆ┠ⓗ
࡜ࡍࡿ㸬ࡉࡽ࡟㸪௒ᚋࡢㄢ㢟ࡸᡂᯝࡢά⏝࡟ࡘ࠸࡚ࡶ⪃ᐹࡍࡿ㸬
ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬
 ➨ 2❶࡛ࡣ㸪኱㔝ᕝỈ⣔⥴᪉ᕝ࡜ࡑࡢᨭὶ㸪⚄ཎᕝ࡜Ἴᮌྜᕝ࡟࠾࠸࡚⏕ᜥ
㨶㢮ࡢ₯Ỉ┠どほᐹࢆᐇ᪋ࡋ㸪4┠ 7⛉ 14✀㸦ள✀ࢆྵࡴ㸧ࢆ☜ㄆࡋࡓ㸬ࡲࡓ㸪
㨶㢮⩌㞟ࡣୖὶഃࡢ࢔࣐ࢦ࡜ࢱ࢝ࣁࣖࡀඃ༨ࡍࡿ༢⣧࡞⤌ᡂ࠿ࡽ㸪ୗὶഃࡢ࢘
ࢢ࢖ࡸ࣒࢝࣡ࢶ➼ࡢࢥ࢖⛉㨶㢮ࡀඃ༨ࡍࡿࡼࡾ」㞧࡞⤌ᡂ࡬࡜⛣⾜ࡋ㸪ࡇࡢኚ
໬ࡣὶ⛬࡟ἢࡗ࡚༢ㄪ࡞ኚ໬ࢆ♧ࡍ኱ࡁ࡞✵㛫ࢫࢣ࣮ࣝࡢ⎔ቃ໙㓄㸦ᶆ㧗㸪Ἑ
ᗋ໙㓄㸪Ỉ㠃ᖜ㸪ὶ㔞㸪Ỉ 㸧࡜┦㛵ࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬୍᪉㸪ࢥ࢖⛉
㨶㢮ࡢಶయ⩌ᐦᗘࡣ༢ㄪ࡞ኚ໬ࢆ♧ࡉࡎ㸪≉࡟ࢱ࢝ࣁࣖࡢಶయ⩌ᐦᗘࡣ㸪࢔࣐
ࢦ࣭ࢱ࢝ࣁࣖࢆ୰ᚰ࡜ࡍࡿୖὶഃࡢ⩌㞟࠿ࡽࢥ࢖⛉㨶㢮ࢆ୰ᚰ࡜ࡍࡿୗὶഃࡢ
⩌㞟࡬ࡢ⛣⾜ᖏ㸦transition zone㸹Rahel and Hubert, 1991㸧࡟࠾࠸࡚ⴭࡋࡃప࠿
ࡗࡓ㸬⛣⾜ᖏࡢୖὶഃ࡟ࡣሖሐ⩌ࡀᏑᅾࡋ࡚࠸ࡓࡇ࡜࠿ࡽ㸪⛣⾜ᖏ࡛ࡣேⅭᨵ
ኚࡢᝏᙳ㡪ࡀ⏕ࡌ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸦ᮌᮏ࡯࠿㸪2015㸧㸬
 㨶㢮⩌㞟ࡢ⛣⾜ᖏ࡛⎔ቃࡢேⅭᨵኚࡢᝏᙳ㡪ࡀ⏕ࡌࡿྍ⬟ᛶࢆ⪃៖ࡍࡿࡇ࡜
ࡣ㸪஑ᕞ໭ᮾ㒊࡟࠾࠸࡚࢔࣐ࢦࡢಖ඲ࢆᅗࡿୖ࡛㠀ᖖ࡟㔜せ࡜⪃࠼ࡽࢀࡿ㸬࡞
ࡐ࡞ࡽ࢔࣐ࢦࡣ෭Ỉᛶ㨶㢮࡛࠶ࡾ㸦Kimura, 1989㸹Ỉ㔝࣭ᚚໃ㸪2000㸧㸪ἙᕝỈ
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 ࡣ୍⯡࡟ୗὶ᪉ྥ࡟ୖ᪼ࡍࡿࡓࡵ㸦Vannote et al., 1980㸧㸪஑ᕞࢆྵࡴす᪥ᮏ࡛
࢔࣐ࢦಶయ⩌ᐦᗘࡀୗὶ᪉ྥ࡟పୗࡍࡿࡇ࡜ࡣ㸪௬࡟ேⅭᨵኚࡢᝏᙳ㡪࡟ࡼࡿ
⌧㇟࡛࠶ࡗࡓ࡜ࡋ࡚ࡶ㸪⎔ቃ໙㓄࡟ἢࡗࡓ⮬↛⌧㇟࡜༊ูࡍࡿࡇ࡜ࡀ㞴ࡋ࠸ࡓ
ࡵ࡛࠶ࡿ㸬≉࡟ᮏㄪᰝỈᇦ࡛ࡣ㸪࢔࣐ࢦࡢ⏕ᜥᇦࡢ 7๭௨ୖࡀ⛣⾜ᖏࢆྵࡴୗ
ὶഃỈᇦ࡟Ꮡᅾࡋࡓࡇ࡜࠿ࡽ㸪⛣⾜ᖏ࡜ேⅭᨵኚࡢ㛵ಀࡣ㔜せ࡛࠶ࡿ㸬࢔࣐ࢦ
ಶయ⩌ᐦᗘࡢୗὶ᪉ྥ࡬ࡢపୗせᅉࢆ⮬↛⌧㇟࡜ேⅭᨵኚࡢᙳ㡪࡟ศ㞳ࡍࡿࡓ
ࡵ࡟ࡣ㸪ேⅭᨵኚࢆཷࡅ࡚࠸࡞࠸࢔࣐ࢦࡢ⏕ᜥἙᕝ࡟࠾࠸࡚㸪ಶయ⩌ᐦᗘࡢὶ
⛬ኚ໬ᵝᘧࢆ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿ㸬ࡋ࠿ࡋ㸪※ὶ㒊࠿ࡽᡪ≧ᆅ࡟࠿ࡅ࡚ࡣ
Ἑᗋ໙㓄ࡸἙᕝᙧែᆺ➼ࡀᛴ⃭࡟ኚ໬ࡍࡿࡇ࡜㸦ⴛሙ㸪2013㸧㸪Ἑᕝࡢ◁㜵ᕤ஦
ࡀ※ὶ㒊࠿ࡽᡪ≧ᆅࡲ࡛ࡢ῱ὶ࡛⾜ࢃࢀࡿࡇ࡜㸦㧗ᶫ㸪2000㸧㸪ࡑࡋ࡚ᅜෆࡢἙ
ᕝ࡟ࡣࡍ࡛࡟ኰࡋ࠸ᩘࡢ◁㜵ࢲ࣒ࡀᘓタࡉࢀ࡚࠸ࡿࡇ࡜㸦᳃⏣࣭ᒣᮏ㸪2004㸹
㐲⸨࡯࠿㸪2006㸹ᮌᮏ࡯࠿㸪2013㸹2015㸧ࢆ⪃៖ࡍࡿ࡜㸪す᪥ᮏࡢከࡃࡢἙᕝ
࡟࠾࠸࡚㨶㢮⩌㞟ࡢ⛣⾜ᖏࡣ◁㜵ࢲ࣒⩌ࡢ┤ୗ࡟఩⨨ࡍࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬
ࡋࡓࡀࡗ࡚㸪࢔࣐ࢦࡢಶయ⩌ᐦᗘࡢὶ⛬ኚ໬ࢆㄪ࡭ࡿࡇ࡜࡟ࡼࡗ࡚⛣⾜ᖏ࡟࠾
ࡅࡿேⅭᨵኚࡢᙳ㡪ࢆ᥎ᐃࡍࡿࡇ࡜ࡣ㸪⌧᫬Ⅼ࡛ࡣᅔ㞴࡜ᛮࢃࢀࡿ㸬
 ୍᪉㸪ከࡃࡢࢥ࢖⛉㨶㢮ࢆྵࡴ Ỉ㨶ࡣᗈ ᛶ࡛࠶ࡾ㸪ࡑࡢ⏕ᜥ㔞ࡣỈ ௨
እࡢせᅉ࡟ࡶᙉࡃつᐃࡉࢀࡿࡇ࡜࠿ࡽ㸦Ỉ㔝࣭ᚚໃ㸪2000㸧㸪ࢥ࢖⛉㨶㢮ࡢಶయ
⩌ᐦᗘࡢὶ⛬ኚ໬ࢆㄪ࡭࡚⛣⾜ᖏ࡟࠾ࡅࡿேⅭᨵኚࡢᙳ㡪ࢆ᥎ᐃࡍࡿࡇ࡜ࡣ᭷
⏝࡜⪃࠼ࡽࢀࡿ㸬ᮏ◊✲࡛ࡣ㸪ࢱ࢝ࣁࣖ㸪࢘ࢢ࢖㸪࣒࢝࣡ࢶࡢಶయ⩌ᐦᗘࡢὶ
⛬ኚ໬ࡣ㸪⛣⾜ᖏෆ㒊࡟࠾࠸࡚㸪Ỉ ࡸᆅᙧ࡜࠸ࡗࡓ኱ࡁ࡞✵㛫ࢫࢣ࣮ࣝࡢ⎔
ቃ໙㓄࡜୍⮴ࡋ࡞࠿ࡗࡓ㸬⛣⾜ᖏෆ㒊ࡢ㨶㢮⏕ᜥ㔞ࡣ㸪ࡼࡾᑠࡉ࡞✵㛫ࢫࢣ࣮
ࣝࡢせᅉ࡟つᐃࡉࢀࡿࡇ࡜࠿ࡽ㸦Jackson et al., 2001㸹Inoue and Nunokawa, 2002㸹
Torgersen et al., 2006㸧㸪ࡇࢀࡽࡢ㨶✀ࡢಶయ⩌ᐦᗘ࡜Ỉ῝㸪ὶ㏿㸪Ἑᗋᮦᩱ➼ࡢ
⎔ቃኚ㔞ࡢ㛵ಀࢆㄪ࡭ࡿࡇ࡜ࡀ᥎ዡࡉࢀࡿ㸬ࡉࡽ࡟㸪ᑠࡉ࡞✵㛫ࢫࢣ࣮࡛ࣝࡣ㸪
㨶㢮ࡢ⏕ᜥ㔞ࡣ≀⌮⎔ቃࡼࡾࡶ✀㛫➇த➼ࡢ⏕≀㛫┦஫స⏝࡟ᙉࡃᙳ㡪ࢆཷࡅ
ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Jackson et al., 2001㸧㸬≉࡟ࢱ࢝ࣁࣖࡣ㸪࢔࣐ࢦ㸪࣒࢝࣡
ࢶ㸪࢘ࢢ࢖➼࡜ඹᏑࡋࡓሙྜ࡟ࡣ✀㛫㛵ಀ࡛᭱ୗ఩࡜࡞ࡾ㸪୙฼࡞ሙᡤ࡛⏕ά
ࡍࡿ㸦ᯈ஭㸪1976㸪1979㸹Ỉ㔝࣭ᚚໃ㸪2000㸧㸬ேⅭᨵኚࡢᙳ㡪ࡣ㸪✀㛫㛵ಀࢆ
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㏻ࡌ࡚ࡶࡗ࡜ࡶ㡰఩ࡢప࠸ࢱ࢝ࣁࣖࡢ⏕ᜥ㔞࡟㢧ⴭ࡟཯ᫎࡉࢀࡿྍ⬟ᛶࡶ⪃࠼
ࡽࢀࡿࡇ࡜࠿ࡽ㸪ࢱ࢝ࣁࣖࡢ⏕ᜥ㔞ࡣ㸪⛣⾜ᖏ࡟࠾ࡅࡿேⅭᨵኚࡢᙳ㡪ࢆ᥎ᐃ
ࡍࡿୖ࡛≉࡟᭷⏝࡞ᣦᶆ࡟࡞ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸬
 ࡲࡓ㸪⥴᪉ᕝࡢୗὶഃ࡟ࡣࢩ࣐ࢻࢪࣙ࢘ᒓ㨶㢮ࡀ⏕ᜥࡋ࡚࠸ࡓ㸬ᮏ◊✲࡛ࡣ
₯Ỉ┠どほᐹࢆ⾜ࡗࡓࡓࡵᒓࡲ࡛ࡢศ㢮࡜ࡋࡓࡀ㸪ඛ⾜◊✲࡛ࡣ㸪⥴᪉ᕝࡢࢩ
࣐ࢻࢪࣙ࢘㢮ࡣ㸪㞄᥋ࡍࡿ኱ศᕝỈ⣔ࡢࢩ࣐ࢻࢪࣙ࢘㢮࡜࡜ࡶ࡟ࢩ࣐ࢻࢪࣙ࢘
㸦4ಸయ㸧Cobitis biwae ࡟ྠᐃࡉࢀ࡚࠸ࡿ㸦㧗℈࡯࠿㸪2006㸹໭ᕝ࡯࠿㸪2009㸧㸬
➹⪅ࡽࡶ㸪2013ᖺ 11᭶࡟ St. 1–2㸦Fig. 2-1㸧࡟࠾࠸࡚ࢩ࣐ࢻࢪࣙ࢘ᒓ㨶㢮ࢆࢱ
ࣔ⥙࡛᥇㞟ࡋ㸪⬚㫅ᇶ㒊㦵㉁┙ࡢᙧ≧➼㸦୰ᆓ㸪2013㸧࡟ᇶ࡙ࡁࢩ࣐ࢻࢪࣙ࢘
㸦4ಸయ㸧࡛ ࠶ࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࢩ࣐ࢻࢪࣙ࢘㸦4ಸయ㸧
ࡣ㸪୰ᅜ࣭ᅄᅜᆅ᪉ࡢ℩ᡞෆഃす㒊ᆅᇦ࡟ᗈࡃศᕸࡍࡿࡀ㸪஑ᕞ࡛ࡣ኱ศᕝỈ
⣔࡜኱㔝ᕝỈ⣔ࡔࡅ࠿ࡽሗ࿌ࡉࢀ࡚࠾ࡾ㸦໭ᕝ࡯࠿㸪2009㸧㸪ࢠࢠ Pseudobagrus 
nudiceps㸦Mizoiri et al., 1997㸹Watanabe, 1998㸹Watanabe and Nishida, 2003㸧ࡸࢻ
ࣥࢥ㸦Sakai et al., 1998㸧ࡢᆅ⌮ⓗศᕸ࠾ࡼࡧ㑇ఏⓗ㢮⦕ᛶ࡜࡜ࡶ࡟㸪ࡇࢀࡽᆅ
ᇦ࡜஑ᕞ໭ᮾ㒊Ἑᕝࡢ῝࠸⏕≀ᆅ⌮Ꮫⓗ㛵ࢃࡾࢆ♧ࡍ㸦໭ᕝ࡯࠿㸪2009㸧㸬ࡇࡢ
ࡇ࡜ࡣ㸪➨ 5❶࡛᫂ࡽ࠿࡟࡞ࡗࡓ⚄ཎᕝࡢᅾ᮶࢔࣐ࢦಶయ⩌ࡢ⣔⤫㛵ಀࢆ⪃ᐹ
ࡍࡿୖ࡛㸪௒ᚋ㸪୰ᅜ࣭ᅄᅜᆅ᪉ࡢ℩ᡞෆഃす㒊ᆅᇦࡢ࢔࣐ࢦಶయ⩌࡜ࡢ㛵ಀ
ࢆ⪃៖ࡍࡿᚲせࡀ࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬
࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ
 ➨ 3❶࡛ࡣ㸪඲ㄪᰝỈᇦ㸦16.3 km㸧ࡢ₯Ỉ┠どほᐹ࡟ࡼࡾ࢔࣐ࢦᾋୖ⛶㨶ࡢ
ὶ⛬ศᕸࢆㄪ࡭㸪ಶయ⩌ᐦᗘࡣୖὶഃ࡛㧗ࡃୗὶഃ࡛ప࠸ࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬
ࡲࡓ㸪ᾋୖ⛶㨶ࡢศᕸࡢ೫ࡾࡣ⣙ 1ࣨ᭶㛫ኚ໬ࡏࡎ㸪ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦࡢಶ
య⩌ᐦᗘ࡜᭷ព࡞┦㛵ࢆ♧ࡋࡓ㸬ࡇࢀࡽࡢ⤖ᯝ࡜㸪ᗂ㨶ᮇ௨㝆ࡢ࢔࣐ࢦ࡛ሗ࿌
ࡉࢀ࡚࠸ࡿ㧗࠸ᐃఫᛶࢆ⪃៖ࡍࡿ࡜㸪࢔࣐ࢦᾋୖ⛶㨶ࡣᑡ࡞ࡃ࡜ࡶ⣙ 1࠿᭶㛫㸪
⏘༸ᗋ௜㏆࡟␃ࡲࡿࡶࡢ࡜⪃࠼ࡽࢀࡓ㸦ᮌᮏ࡯࠿㸪2013㸧㸬
 ୗὶഃ࡛ᾋୖ⛶㨶ࡢಶయ⩌ᐦᗘࡀప࠸⌮⏤࡜ࡋ࡚㸪➨ 3❶࡛ࡣ㧗࠸㔮⋓ᅽ࡟
ࡼࡿぶ㨶ᩘࡢ୙㊊࡜㸪ୗὶഃ࡛ᒾ┙Ἑᗋࡸࢺࣟࡢᆅᙧࡀከ࠸ࡇ࡜࡟ࡼࡿ⏘༸㐺
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ᆅࡢ୙㊊ࢆᣦ᦬ࡋࡓ㸬୍᪉㸪➨ 2❶ࡢ㨶㢮⩌㞟ࡢኚ໬ᵝᘧࢆ⪃៖ࡍࡿ࡜㸪ᾋୖ
⛶㨶ࡢಶయ⩌ᐦᗘࡀప࠸ሙᡤࡣ㸪㨶㢮⩌㞟ࡢ⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ࡜୍⮴ࡍ
ࡿ㸬ࡇࡢࡇ࡜ࡣ㸪➨ 2❶࡛⪃ᐹࡋࡓேⅭᨵኚࡢᙳ㡪ࡀ㸪ୗὶഃỈᇦ࡟࠾ࡅࡿ࢔
࣐ࢦᾋୖ⛶㨶ࡢಶయ⩌ᐦᗘపୗ࡟ࡶ㛵୚ࡍࡿྍ⬟ᛶࢆ♧ࡋ࡚࠸ࡿ㸬◁㜵ࢲ࣒ࡣ
ୖὶ࠿ࡽὶୗࡋࡓᅵ◁ࢆᤕᤊࡋ࡚ୗὶ࡬ࡢᅵ◁౪⤥ࢆไ㝈ࡍࡿࡇ࡜࠿ࡽ㸦㧗ᶫ㸪
2000㸧㸪ୗὶഃ࡛ࡣἙᕝᆅᙧࡢኚ໬ࡸἙᗋࡢపୗ㸦బᕝ࣭୰ᮧ㸪2010㸧㸪Ἑᗋࡢ
㟢┙໬㸦୰ᮧ㸪2011㸧ࡀ⏕ࡌ㸪Ỉ῝㸪ὶ㏿㸪Ἑᗋᮦᩱ➼ࡢኚ໬ࢆకࡗ࡚࢔࣐ࢦ
ࡢ⏘༸ሙᡤࢆຎ໬ࡉࡏ࡚࠸ࡿྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿ㸬ᅜෆ࡛ࡣ㸪ከࡃࡢ◁㜵ࢲ࣒
ࡀ 1970ᖺ௦௨㝆࡟ᘓタࡉࢀ㸦᳃⏣࣭ᒣᮏ㸪2004㸧㸪◁㜵ࢲ࣒࡟ࡼࡿἙᗋࡢ㟢┙
໬ࡣタ⨨ᚋࡢ᫬㛫⤒㐣࡟కࡗ࡚㐍⾜ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦୰ᮧ㸪2011㸧㸬ᮏ
ㄪᰝỈᇦࡢୗὶഃ㸦౛࠼ࡤ Sec. 2㸧࡛ࡣ㸪2ᅇࡢㄪᰝࢆ㏻ࡌ࡚࡯࡜ࢇ࡝ᾋୖ⛶㨶
ࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓࡀ㸪1970ᖺ௦࡟ࡣ࢔࣐ࢦࡢ⏘༸⾜ືࡀ㢖⦾࡟ほᐹࡉࢀ࡚࠸
ࡓ㸦㊊❧ᚭಙẶ㹙㣴㨶ሙ ࿨Ỉⱌ㹛㸪⚾ಙ㸧㸬ࡇࡢࡇ࡜ࡣ㸪◁㜵ࢲ࣒࡟ࡼࡿ⏘༸⎔
ቃࡢຎ໬ࡀ㸪タ⨨ᚋ 30㹼40ᖺࢆ⤒࡚㢧ᅾ໬ࡋࡓࡇ࡜ࢆ♧ࡍࡢ࠿ࡶࡋࢀ࡞࠸㸬
 ࡲࡓ㸪➨ 5 ❶࡛⾜ࡗࡓ࢔࣐ࢦᾋୖ⛶㨶ࡢ mtDNA ࣁࣉࣟࢱ࢖ࣉศᯒ࡟ࡼࡾ㸪
ẖᖺ㣴Ṫ㨶ࡀᨺὶࡉࢀ࡚࠸ࡿୗὶഃỈᇦ࡟ࡣ㸪㠀ᅾ᮶ಶయࡀ⏕ᜥࡋ࡚࠸ࡿྍ⬟
ᛶࡀ♧ࡉࢀࡓ㸦Kimoto et al., ༳ๅ୰㸧㸬ࡇࢀࡲ࡛㸪ࢧࢣ⛉㨶㢮ࡢᵝࠎ࡞ᙧ㉁࡟
㛵ࡋ࡚ᒁᡤ㐺ᛂࡢᏑᅾࡀሗ࿌ࡉࢀ㸪ᨺὶࡉࢀࡓ⎔ቃ࡟ᑐࡍࡿ㣴Ṫ㨶ࡢ㐺ᛂᗘࡣ
ᅾ᮶ಶయࡼࡾప࠸ࡇ࡜ࡀண᝿ࡉࢀ࡚࠸ࡿ㸦Taylor, 1991㸹Garcia de Leaniz et al., 
2007㸸Kikko et al., 2008㸹 Fraser et al., 2011㸹Primmer, 2011㸹Drinan et al., 2012㸧㸬
࢔࣐ࢦࡢ෌⏕⏘࡟㛵ࡋ࡚ᒁᡤ㐺ᛂࡢᏑᅾࢆ♧ࡍሗ࿌ࡣ࡞࠸ࡀ㸪⚄ཎᕝࡢ࢔࣐ࢦ
⏕ᜥୖ㝈㸦ᮌᮧ㸪1959㸹ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧࡛࠶ࡿ஬ྜ┠ࡢ⁪㸦ⴠᕪ 11 m㸧ࡢ
⁪ና࡛ࡣ㸪࢔࣐ࢦ㸪࣐࣓ࣖࡢἙᕝᆺಶయ⩌࡟࡜ࡗ࡚Ⰻዲ࡞⏘༸ሙᡤ࡜ࡉࢀࡿᖹ
℩㸦ⓑ▼࡯࠿㸪1957㸹ᮌᮧ㸪1972㸧ࡀ࡯ࡰᏑᅾࡋ࡞࠸࡟ࡶ࠿࠿ࢃࡽࡎ㸪2004–2010
ᖺ 4᭶࡟ࡣᖖ࡟ᾋୖ⛶㨶ࡀ☜ㄆࡉࢀࡓ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬⁪ናࡢ➃ࡸᗏ㒊࡛
ࡣ㸪ᨺ༸࣭ᨺ⢭ࡣᮍ☜ㄆ࡞ࡀࡽ࢔࣐ࢦࡢ⏘༸⾜ືࡀほᐹࡉࢀࡿࡇ࡜࠿ࡽ㸦ᮌᮏ
࡯࠿㸪ᮍⓎ⾲㸧㸪᭱ ୖὶ㒊ࡢ࢔࣐ࢦࡣୗὶഃ࡜ࡣ␗࡞ࡿ⎔ቃ࡛ࡶ⏘༸ࡍࡿࡶࡢ࡜
⪃࠼ࡽࢀࡿ㸬ࡇࢀࡀᒁᡤ㐺ᛂ࡟┦ᙜࡍࡿ࠿࡝࠺࠿ࡣ㸪⛣᳜ᐇ㦂㸦common garden 
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experiments㸧➼࡟ࡼࡾ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿࡶࡢࡢ㸦Garcia de Leaniz et al., 
2007㸹Fraser et al., 2011㸧㸪࢔࣐ࢦࡢ෌⏕⏘࡟㛵ࡍࡿᙧ㉁࡟࠾࠸࡚ࡶ㸪ᒁᡤ㐺ᛂ
ࡀᏑᅾࡍࡿྍ⬟ᛶࢆ♧ࡍࡶࡢ࡛࠶ࡿ㸬ࡋࡓࡀࡗ࡚㸪ୗὶഃỈᇦ࡟࠾ࡅࡿ࢔࣐ࢦ
ࡢ⮬↛෌⏕⏘ࡢపୗࡣ㸪㠀㐺ᛂⓗ࡞㣴Ṫ㨶ࡢᨺὶ࡟ࡼࡗ࡚ࡶࡓࡽࡉࢀࡓྍ⬟ᛶ
ࡶ⪃៖ࡍࡿ࡭ࡁ࡜ᛮࢃࢀࡿ㸬
࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝
 ➨ 4❶࡛ࡣ㸪࢔࣐ࢦ⏕ᜥᇦࡢୗὶഃ࡛㸪ὶ㊰༢఩ࢫࢣ࣮ࣝ࡟࠾ࡅࡿᾋୖ⛶㨶
ࡢ⏕ᜥሙᡤ฼⏝ࢆㄪ࡭ࡿࡓࡵ㸪⥴᪉ᕝࡢ 1.4 km༊㛫࡛」ᩘᖺ࡟ࢃࡓࡿ₯Ỉ┠ど
ほᐹࢆ⾜ࡗࡓ㸬ᾋୖ⛶㨶ᩘࡣ㸪᪩℩࿘㎶ࡢὶ㊰༢఩ࢱ࢖ࣉ࡜᭷ព࡞ṇࡢ┦㛵㸪
ἢᓊỈ῝࠾ࡼࡧ⏘༸ᗋ࠿ࡽࡢ㊥㞳࡜᭷ព࡞㈇ࡢ┦㛵ࢆ♧ࡋࡓ㸬᪩℩࿘㎶ࡢὶ㊰
༢఩ࢱ࢖ࣉࢆ฼⏝ࡍࡿഴྥࡣୗὶഃỈᇦ࡟≉᭷࡛࠶ࡾ㸪ࡇࢀࡣ㸪㧗࠸࢚ࢿࣝࢠ
࣮ຠ⋡ࢆࡶࡓࡽࡍዲ㐺࡞ᚤ⏕ᜥሙᡤ㸦㏿࠸ὶࢀ࡟㏆࠸⦆ὶ㒊ศ㸧ࡀ㸪ୖὶഃ࡛
ࡣ㐢ᅾࡍࡿࡀ㸪ୗὶഃ࡛ࡣ᪩℩௜㏆࡟ᒁᅾࡍࡿࡓࡵ࡜⪃࠼ࡽࢀࡓ㸬ࡓࡔࡋ㸪ὶ
㊰༢఩ࢫࢣ࣮࡛ࣝࡇࢀࡽࡢ᮲௳ࡀ‶ࡓࡉࢀ࡚࠸࡚ࡶ㸪ᚤ⏕ᜥሙᡤࢫࢣ࣮ࣝࡢ⎔
ቃ᮲௳ࡀ୙༑ศ࡞ሙᡤ࡛ࡣ㸪ᾋୖ⛶㨶ࡀୗὶ᪉ྥ࡟⛣ືࡍࡿྍ⬟ᛶࡀ♧ࡉࢀࡓ㸬
௨ୖࡢࡇ࡜࠿ࡽ㸪࢔࣐ࢦ⏕ᜥᇦୗὶഃ࡟࠾࠸࡚ᾋୖ⛶㨶ࡢಖ඲ࡸቑṪࢆᅗࡿࡓ
ࡵ࡟ࡣ㸪᪩℩࿘㎶ࡢὶ㊰༢఩ࢱ࢖ࣉࡢෆ㒊࡟ዲ㐺࡞ᚤ⏕ᜥሙᡤࢆᩚഛࡍࡿࡇ࡜㸪
⎔ቃ཰ᐜຊ࡜⛶㨶ࡢቑṪ㔞ࡢࣂࣛࣥࢫࢆ⪃៖ࡍࡿࡇ࡜ࡀ㔜せ࡜⪃࠼ࡽࢀࡿ㸬
 ᮏ◊✲࡛ࡣ㸪2009ᖺࡢ 1–3᭶࡟Ἑ㐨⊃✽㒊㸦༊⏬ 35–50㸧࡛☜ㄆࡉࢀࡓᾋୖ
⛶㨶ࡀୗὶ᪉ྥ࡟⛣ືࡋࡓ࡜᥎ᐃࡉࢀࡓ㸬ᮏ◊✲ࡣ࢔࣐ࢦࡢ⮬↛⏘༸࡟⏤᮶ࡍ
ࡿᾋୖ⛶㨶ࢆᑐ㇟࡜ࡋ㸪ཷ⢭༸ࡸⓎ║༸࡟ᑐࡍࡿᶆ㆑ࢆ⾜ࢃ࡞࠿ࡗࡓࡓࡵ㸪ཝ
ᐦ࡟ࡣ㸪☜ㄆࡉࢀࡓᾋୖ⛶㨶ࡀ࡝ࡢ⏘༸ᗋ࡟⏤᮶ࡍࡿࡢ࠿ࡣ୙࡛᫂࠶ࡿ㸬ࡋ࠿
ࡋ㸪ࢧࢣ⛉㨶㢮ࡢᾋୖ⛶㨶ࡀ⏘༸ᗋ௜㏆࡟␃ࡲࡿ࠿ୗὶ᪉ྥ࡟⛣ືࡍࡿ࡜᥎ᐃ
ࡉࢀ࡚࠸ࡿࡇ࡜㸦Moore and Gregory, 1988㸹Nagata, 2002㸹Steingrímsson and Grant, 
2003㸹Einum et al., 2011㸧㸪2009ᖺࡢㄪᰝᮇ㛫୰࡟ࡣ༊⏬ 51 䜘䜚ୖὶ䛷䜰䝬䝂ᾋ
ୖ⛶㨶䛜☜ㄆ䛥䜜䛺䛛䛳䛯䛣䛸ࢆ⪃៖ࡍࡿ࡜㸪Ἑ㐨⊃✽㒊ࡢᾋୖ⛶㨶ࡢ኱㒊ศࡣ㸪
2008ᖺ⛅࡟༊⏬ 51࡟ᙧᡂࡉࢀࡓ⏘༸ᗋ࡟⏤᮶ࡍࡿྍ⬟ᛶࡀ㧗࠸࡜⪃࠼ࡽࢀࡿ㸬
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༊⏬ 51ࡢ⏘༸ᗋࡣ㸪2008ᖺ࡟༊⏬ 50ࡢୖὶ➃࡟ฟ⌧ࡋࡓ᪂ࡋ࠸᪩℩ࡢୖὶഃ
࡟࠶ࡿᖹ℩㒊ศ࡟ᙧᡂࡉࢀ࡚࠸ࡓ㸬ࡇࡢሙᡤࡣ㸪2008ᖺ 3᭶࡟ࡣ᭱኱Ỉ῝ 1.7 m
ࡢῡ࡛࠶ࡗࡓࡀ㸪2008ᖺࡢ⛅ࡲ࡛ࡢ㛫࡟㸪♟ࡀ኱㔞࡟ሁ✚ࡍࡿࡇ࡜࡛᪩℩࡟ኚ
໬ࡋࡓ㸬ὶ㊰඲యࢆᇙࡵࡓ⢏ᚄ 5 cm๓ᚋࡢ♟࡟ࡼࡾ㸪᪩℩ࡢୖὶ➃ࡢỈ῝ࡣ⣙
0.2 m࡜ὸࡃ࡞ࡾ㸪Ἑᗋࡣㄪᰝ⪅ࡢ㊊ࡀ 20–30 cmỿࡴ࡯࡝ᰂࡽ࠿ࡃ㸪࢔࣐ࢦࡢ
⏘༸ሙ࡜ࡋ࡚ඃࢀ࡚࠸ࡓ࡜᥎ ࡉࢀࡿ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࡇࡢࡼ࠺࡟㸪✺↛
⌧ࢀࡓ᪩℩ࡢୖὶഃ࡛ᐇ㝿࡟࢔࣐ࢦࡀ⏘༸ࡋࡓࡇ࡜ࢆ⪃៖ࡍࡿ࡜㸪ᮏㄪᰝỈᇦ
࡛ࡣ㸪ேᕤ⏘༸ሙ㐀ᡂ➼㸦୰ᮧ㸪1999b㸧࡟ࡼࡗ࡚⏘༸࡟ዲ㐺࡞⎔ቃࢆᩚഛࡍࡿ
ࡇ࡜࡛㸪⮬↛⏘༸ࢆㄏⓎ࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡓࡔࡋ㸪୰ᮧ㸦1999b㸧࡟ࡼࡿே
ᕤ⏘༸ሙ㐀ᡂᡭἲࡣ㸪࢖࣡ࢼࡀ⏘༸ࡍࡿᑠᨭὶࢆᑐ㇟࡜ࡋ࡚㛤Ⓨࡉࢀࡓᢏ⾡࡛
࠶ࡿ㸬࢔࣐ࢦࡸ࣐࣓ࣖࡣ㸪࢖࣡ࢼ࡟ẚ࡭࡚Ἑᕝࡢᮏὶ࡛⏘༸ࡍࡿഴྥࡀᙉ࠸ࡇ
࡜࠿ࡽ㸦୰ᮧ㸪1999a㸧㸪௒ᚋࡣ㸪ᮏㄪᰝỈᇦࡢࡼ࠺࡞Ἑᕝࡢᮏὶ࡟࠾࠸࡚ࡶ㸪
ேᕤ⏘༸ሙࡢ㐀ᡂᢏ⾡ࢆ㛤Ⓨࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬
 ➨ 4❶࡛ࡣ㸪ࡇࢀࡽࡢᾋୖ⛶㨶ࡀὶୗࡋࡓ┤᥋ⓗཎᅉ࡜ࡋ࡚㸪ᾋୖࡋࡓሙᡤ
࡟᪩࠸ὶࢀࢆ⦆࿴ࡍࡿ▼ࡸ᳜⏕➼ࡢᵓ㐀ࡀ࡞࠿ࡗࡓࡇ࡜ࢆᣲࡆࡓ㸬ࡇࡢ᥎ᐃࡀ
ṇࡋ࠸࡜௬ᐃࡍࡿ࡜㸪࢔࣐ࢦᾋୖ⛶㨶ࡀὶୗ⛣ືࡍࡿ࠿࡝࠺࠿ࡣ㸪ᾋୖ⛶㨶ࡢ
ࡢၥ㢟࡛ࡣ࡞ࡃ㸪ぶ㨶ࡢ⏘༸ሙᡤ㑅ᢥ࡟つᐃࡉࢀࡿࡇ࡜࡟࡞ࡿ㸬ࢱ࢖ࢭ࢖ࣚ࢘
ࢧࢣ࡛ண ࡉࢀࡿࡼ࠺࡟㸪ࢧࢣ⛉㨶㢮ᾋୖ⛶㨶ࡢὶୗ⛣ືࡀ㐺ᛂᗘࢆୗࡆࡿ⾜
ື㸦Foldvik et al., 2010㸹Einum et al., 2011, 2012㸧࡛࠶ࡿ࡞ࡽ㸪ぶ㨶ࡢ⏘༸ሙᡤ
㑅ᢥ࡟ࡣ⛶㨶ࡢὶୗ⛣ືࢆᅇ㑊ࡍࡿᶵᵓࡀᏑᅾࡍࡿ࠿ࡶࡋࢀ࡞࠸㸬ࡋ࠿ࡋ㸪ࢧ
ࢣ⛉㨶㢮ࡢ⏘༸ሙᡤ㑅ᢥ࡟㛵ࡋ࡚㸪ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤࡀᇶ‽࡟࡞ࡿ࡜࠸࠺ሗ
࿌ࡣ࡞࠸㸦౛࠼ࡤ㸪ⓑ▼࡯࠿㸪1957㸹ᮌᮧ㸪1972㸹Geist and Dauble, 1998㸹୰ᮧ㸪
1999a㸹Mull and Wilzbach, 2007㸹Cram et al., 2012㸧㸬௬࡟㸪࢔࣐ࢦࡢ⏘༸ሙᡤ㑅
ᢥ࡛ࡣ㸪ᮏ᮶ⓗ࡟ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤࡀ⪃៖ࡉࢀ࡞࠸࡜ࡍࡿ࡜㸪ᾋୖ⛶㨶ࡢὶ
ୗ⛣ືࡣ㸪⏘༸ᗋୗὶഃࡢ⎔ቃ࡟ၥ㢟ࡀ࠶ࡿࡓࡵ࡟⏕ࡌࡿ࡜࠸࠼ࡿ㸬ᮏㄪᰝỈ
ᇦࡣ㸪ேⅭᨵኚࡢᙳ㡪ࡀ᥎ᐃࡉࢀࡓ㨶㢮⩌㞟ࡢ⛣⾜ᖏෆ㒊࡟఩⨨ࡍࡿࡇ࡜࠿ࡽ
㸦➨ 2❶㸧㸪⏘༸ᗋୗὶഃࡢ⎔ቃࡀຎ໬ࡋ࡚࠸ࡓྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿ㸬ࡲࡓ㸪2008
ᖺ࡟༊⏬ 50 ࡢୖὶ➃࡟ฟ⌧ࡋࡓ᪂ࡋ࠸᪩℩ࡣ㸪2009 ᖺ⛅࡟ࡣ♟ࡢὶኻ࡟ࡼࡾ
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ᾘ⁛ࡋ࡚࠸ࡓ㸦ᮌᮏ࡯࠿㸪ᮍⓎ⾲㸧㸬ࡇࡢࡼ࠺࡞୍᫬ⓗ࡞᪩℩ࡸேᕤ⏘༸ሙ࡛ࡣ㸪
㛗ᮇ㛫࡟ࢃࡓࡗ࡚Ꮡᅾࡋ࡚࠸ࡿ⮬↛ࡢ᪩℩࡜ࡣ࿘㎶ࡢ⎔ቃ㸦᳜≀᳜⏕ࡸ▼ࡢሁ
✚➼㸧ࡀ␗࡞ࡿࡢ࠿ࡶࡋࢀ࡞࠸㸬ࡇࡢሙྜ࡟ࡣ㸪➨ 4❶࡛᥎ᐃࡉࢀࡓ࡜࠾ࡾ㸪
⏘༸ᗋୗὶഃࡢ᪩℩௜㏆࡟᪩࠸ὶࢀࢆ⦆࿴ࡍࡿᒾࡸ᳜⏕➼ࡢᵓ㐀ࢆ㐀ᡂࡍࡿࡇ
࡜ࡀ᭷⏝࡛࠶ࡿ㸬௚᪉㸪ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤࡀ⏘༸ሙᡤࡢ㑅ᢥᇶ‽࡟࡞ࡿ࡜ࡍ
ࢀࡤ㸪ࡑࡢሙᡤ࡟⏘༸ࡋࡓぶ㨶ࡢ⾜ື࡟ၥ㢟ࡀ࠶ࡿࡇ࡜࡟࡞ࡿ㸬➨ 5❶࡛♧ࡋ
ࡓࡼ࠺࡟㸪ᮏㄪᰝỈᇦ࡛ࡣ㣴Ṫ㨶ࡀᨺὶࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸦Kimoto et al., ༳
ๅ୰㸧㸪㠀㐺ᛂⓗ࡞ᨺὶಶయࡀ⏘༸ࡋ࡚࠸ࡓྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿ㸬ࡇࡢሙྜ࡟ࡶ㸪
ୖグ࡜ྠᵝ࡟⏕ᜥሙᡤࡢ㐀ᡂࡣ᭷ຠ࡛࠶ࡿࡀ㸪㛗ᮇⓗ࡟ࡣ㸪ࡇࡢሙ࡟㐺ᛂࡋࡓ
ᅾ᮶ಶయ࡟ࡼࡿ⮬↛෌⏕⏘ࢆಁ㐍ࡍ࡭ࡁ࡜⪃࠼ࡽࢀࡿ㸬௒ᚋࡣ㸪࢔࣐ࢦぶ㨶ࡢ
⏘༸ሙᡤ㑅ᢥ࡜ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤࡢ㛵ಀࢆㄪ࡭ࡿᚲせࡀ࠶ࡿࡔࢁ࠺㸬
࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀
 ➨ 5❶࡛ࡣ㸪⚄ཎᕝ࡜ᨭὶἼᮌྜᕝ࡟⏕ᜥࡍࡿ 3ࡘࡢ࢔࣐ࢦ㝸㞳ಶయ⩌㸦⚄
ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦ㸪Ἴᮌྜᕝࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦ㸪Ἴᮌྜᕝ࣓ࣥࣀࢶࣛ㇂
ࡢ࢖࣓࣡㸧ࡢ㑇ఏⓗᵓ㐀ࢆ mtDNAศᯒ࡟ࡼࡾㄪ࡭ࡓ㸬ᚓࡽࢀࡓ 11✀㢮ࡢࣁࣉ
ࣟࢱ࢖ࣉࡢ࠺ࡕ Hap-1ࡣࡍ࡭࡚ࡢ㝸㞳ಶయ⩌࡟ぢࡽࢀ㸪࢖࣓࡛࣡ᅛᐃ㸦100%㸧㸪
⚄ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦ࡛ඃ༨ࡋࡓ࡯࠿㸦90.5%㸧㸪⚄ཎᕝ඲య࡛᥇㞟ࡋࡓ࢔࣐ࢦ
ࡢᾋୖ⛶㨶࡛ࡶඃ༨ࡋ࡚࠸ࡓ㸦62.8%㸧୍ࠋ ᪉㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦ࡛ࡣ Hap-1
ࡣᑡ࡞ࡃ㸦10.0%㸧㸪㐣ཤ࡟ᨺὶࡉࢀࡓ࡜᥎ᐃࡉࢀࡿ㣴㨶ሙࡢ࢔࣐ࢦࡢࣁࣉࣟࢱ
࢖ࣉࡀඃ༨ࡋ࡚࠸ࡓ㸬௨ୖࡢ⤖ᯝ࠿ࡽ㸪⚄ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦ࡜࣓ࣥࣀࢶࣛ㇂
ࡢ࢖࣓࣡ࡣᅾ᮶ಶయ⩌࡛࠶ࡾ㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦࡣ㣴Ṫ㨶࡟࡯ࡰ⨨᥮ࡉࢀ
࡚࠸ࡿ࡜᥎ ࡉࢀࡓࠋࡇࢀࡽ࡟ᇶ࡙࠸࡚ 3㝸㞳ಶయ⩌ࡑࢀࡒࢀࢆ༢఩࡜ࡍࡿಖ
඲᱌ࢆᥦ᱌ࡋ㸪⁺ᴗ㛵㐃つ๎ࢆᨵṇࡋࡓࠋ
 ⚄ཎᕝ※ὶ㒊ࡢ⁺ᴗ㛵㐃つ๎ࡢᨵṇ࡛ࡣ㸪୍ྜ┠⁪࠿ࡽୖὶ඲ᇦ࡟࠾࠸࡚⁺
ᴗ࣭㐟⁺࠾ࡼࡧᨺὶࢆ⚗Ṇ࡜ࡋࡓࡀ㸪୍ྜ┠⁪࠿ࡽୖὶࡢ࢔࣐ࢦಶయ⩌࡟ࡣ㸪
㠀ᅾ᮶࡜ண᝿ࡉࢀࡿࣁࣉࣟࢱ࢖ࣉ㸦Hap-4㸧ࢆᣢࡘಶయࡀΰᅾ㸦9.5%㸧ࡋ࡚࠸
ࡓ㸬୍ྜ┠⁪ࡢୖὶ࡟ࡣ୕ྜ┠⁪㸦ⴠᕪ 10 m㸧࡜஬ྜ┠⁪㸦ⴠᕪ 11 m㸧ࡀ࠶
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ࡾ㸪Hap-4 ࡣ୍ྜ┠⁪࡜୕ྜ┠⁪ࡢ㛫ࡔࡅ᳨࡛ฟࡉࢀࡓ㸬ࡋࡓࡀࡗ࡚㸪ཝᐦ࡞
ᅾ᮶ಶయ⩌⏕ᜥỈᇦࡣ୕ྜ┠⁪ࡼࡾୖὶ࡜࠸࠼ࡿࡀ㸪୕ྜ┠⁪ࡣⓏᒣ㐨࠿ࡽ㞳
ࢀ࡚࠸ࡿࡓࡵᐦ⁺ࡢ┘どࡀᅔ㞴࡜ண᝿ࡉࢀࡓ㸬୍ ᪉㸪୍ ྜ┠⁪ࡣᯘ㐨࠿ࡽ㏆ࡃ㸪
⁪ཱྀ௜㏆࡟ࡣ♽ẕᒣࡢⓏᒣᐈ⏝ࡢ㥔㌴ሙࡀᩚഛࡉࢀ࡚࠸ࡿࡓࡵ㸪┘どࢆ⾜࠸ࡸ
ࡍ࠸㸬ࡇࢀࡽࡢ⌮⏤࡟ࡼࡾ㸪୍ྜ┠⁪࠿ࡽୖὶ඲ᇦࢆಖ඲ᑐ㇟Ỉᇦ࡜ࡋࡓ㸬
 Hap-4 ࡣᾋୖ⛶㨶࠿ࡽࡶ᳨ฟࡉࢀࡓࡀ㸪௚ࡢࣁࣉࣟࢱ࢖ࣉ࡜␗࡞ࡾ㸪୍ྜ┠
⁪࠿ࡽ⣙ 1.5 kmୗὶࡲ࡛ࡢ⊃࠸⠊ᅖ࡟ぢࡽࢀ㸪୍ ྜ┠⁪ࡢ┤ୗ࡛᭱ࡶ㧗࠸㢖ᗘ
㸦60%㸧ࢆ♧ࡋࡓ㸬ࡇ࠺ࡋࡓ㝈ࡽࢀࡓศᕸ࡜୍ྜ┠⁪ࡢࡑࡤ࡟ 1990ᖺ௦ࡲ࡛㣴
㨶ሙࡀ✌ാࡋ࡚࠸ࡓࡇ࡜㸦㊊❧ᚭಙẶ㹙㣴㨶ሙ ࿨Ỉⱌ㹛㸪⚾ಙ㸧ࢆ⪃៖ࡍࡿ࡜㸪
Hap-4 ࡣࡇࡢ㣴㨶ሙࡢ㣫⫱㨶࡟⏤᮶ࡍࡿྍ⬟ᛶࡀ㧗࠸࡜⪃࠼ࡽࢀࡿ㸬ᮏ◊✲࡛
ࡣ㸪㠀ᅾ᮶࡜ண᝿ࡉࢀࡿ Hap-4ࢆྵࡵࡓಖ඲᱌ࡀ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ㸪➉⏣
ᕷ㸪ᆅඖ㐟⁺⪅ᅋయ➼࡟஢ᢎࡉࢀ㸪⚗⁺༊ࡀタ⨨ࡉࢀࡓ㸦ᮌᮏ㸪2008㸧㸬௒ᚋࡣ㸪
⚗⁺༊ෆ࡟࠾ࡅࡿ Hap-4ࡢືែࢆࣔࢽࢱࣜࣥࢢࡍࡿᚲせࡀ࠶ࡿ㸬
 ⚄ཎᕝࡢ※ὶ㒊ࡣ㸪ࡇࢀࡲ࡛⚗⁺ࡢᑐ㇟࡟ᣦᐃࡉࢀࡓࡇ࡜ࡀ࡞ࡃ㸪ࡋ࠿ࡶୖ
グࡢ࡜࠾ࡾୗὶ➃࡟㌴㐨ࡸ㥔㌴ሙࡀᩜタࡉࢀ࡚࠸ࡿࡇ࡜ࢆ⪃៖ࡍࡿ࡜㸪ᨺὶࡢ
ᙳ㡪ࢆ࡯࡜ࢇ࡝ཷࡅ࡚࠸࡞࠿ࡗࡓࡇ࡜ࡣወ㊧ⓗ࡞ᖾ㐠࡜࠸࠼ࡿ㸬௒ᚋࡣ㸪኱ศ
┴ෆࡢ௚Ἑᕝ࡟ຍ࠼࡚㸪⏕≀ᆅ⌮Ꮫⓗ㛵ࢃࡾࡀ᥎ᐃࡉࢀࡿ୰ᅜ࣭ᅄᅜᆅ᪉ࡢ℩
ᡞෆഃす㒊ᆅᇦ࡟⏕ᜥࡍࡿ࢔࣐ࢦ࡟ࡘ࠸࡚ࡶ㑇ఏᏛⓗ࡞ゎᯒࢆ⾜࠸㸪⣔⤫ⓗ఩
⨨௜ࡅࢆ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿࡔࢁ࠺㸬୍᪉㸪ࡇࢀࡲ࡛࡟࿴ḷᒣ┴ྂᗙᕝ
㸦Kawamura et al., 2007㸧࡜㧗▱┴ዉ༙฼ᕝ㸦ᒸ㒊࣭ᑠᯇ㸪2012㸧࠿ࡽᅾ᮶࢔࣐
ࢦಶయ⩌ࡀሗ࿌ࡉࢀ࡚࠾ࡾ㸪ᮏ◊✲ࡣ๓⪅࡜ྠࡌ mtDNA ࡢ㡿ᇦࢆゎᯒࡋࡓࡓ
ࡵ⤖ᯝࡢẚ㍑ࡀྍ⬟࡛࠶ࡗࡓࡀ㸪ᚋ⪅࡜ࡣ㡿ᇦࡀ␗࡞ࡗࡓࡓࡵẚ㍑࡛ࡁ࡞࠿ࡗ
ࡓ㸬ᮏ◊✲࡜ Kawamura et al.㸦2007㸧࡛ゎᯒࡋࡓ㡿ᇦ㸦D-loop࡜ ND1㸧ࡣ㸪ሷ
ᇶ㓄ิࡢỴᐃࡀᅔ㞴࡛࠶ࡾ㸪࠶ࡲࡾ౑࠸຾ᡭࡢⰋ࠸ゎᯒ㒊఩࡜ࡣ࠸࠼࡞࠸㸦⡿
ຍ⏣ ᚭẶ㹙ᅜ❧◊✲㛤ⓎἲேỈ⏘⥲ྜ◊✲ࢭࣥࢱ࣮ቑ㣴Ṫ◊✲ᡤ㹛㸪⚾ಙ㸧㸬௒
ᚋ㸪ᅜෆࡢᅾ᮶࢔࣐ࢦಶయ⩌ࡢࢹ࣮ࢱ࣮࣋ࢫࢆᵓ⠏ࡍࡿሙྜ࡟ࡣ㸪ᒸ㒊࣭ᑠᯇ
㸦2012㸧ࡀ⏝࠸ࡓ㡿ᇦ㸦ND5࡜ Cb㸧ࡶ⪃៖ࡍ࡭ࡁ࡜⪃࠼ࡽࢀࡿ㸬
 Ἴᮌྜᕝࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦಶయ⩌ࡀ࡯ࡰ㣴Ṫ㨶࡟⨨᥮ࡉࢀࡓྍ⬟ᛶࡀ♧
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ࡉࢀࡓࡇ࡜࠿ࡽ㸪⚄ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦಶయ⩌ࡣ㸪༢࡟኱㔝ᕝỈ⣔ࡢ୍ᨭὶࡢ
ᅾ᮶࢔࣐ࢦಶయ⩌࡛࠶ࡿࡔࡅ࡛࡞ࡃ㸪࢖࣓࣡࡜᭱ࡶ㏆࠸㛵ಀ࡟࠶ࡿ࢔࣐ࢦಶయ
⩌࡜ࡋ࡚ᕼᑡᛶࡀ㧗࠸࡜⪃࠼ࡽࢀࡿ㸬ᮏ◊✲࡛ࡣ㸪ᅾ᮶ಶయ⩌ࢆ᥎ᐃࡍࡿࡓࡵ
࡟ mtDNA ࡢ᝟ሗࡔࡅࢆ⏝࠸ࡓࡀ㸪௒ᚋ㸪࢔࣐ࢦ࡜࢖࣓࣡ࡢ㑇ఏⓗ㛵ಀࢆ᫂ࡽ
࠿࡟ࡍࡿࡓࡵ࡟ࡣ㸪ࡉࡽ࡟᝟ሗ㔞ࡢከ࠸࣐࢖ࢡࣟࢧࢸࣛ࢖ࢺࡸAFLP➼㸪᰾DNA
ࢆ⏝࠸ࡓゎᯒࢆᐇ᪋ࡍࡿᚲせࡀ࠶ࡿ㸦Kawamura et al., 2007㸹Kubota et al., 2007㸹
Kikko et al., 2008㸹Sato et al., 2010㸧㸬୍᪉㸪Kano et al.㸦2010㸧ࡣᅜෆࡢ࢖࣓࣡
ಶయ⩌ࡢ⌧≧ࢆㄪ࡭㸪ࡇࢀࡲ࡛࡟ሗ࿌ࡉࢀࡓ 7 ಶయ⩌ࡢ࠺ࡕ㸪4 ಶయ⩌ࡣ኱㔞
ࡢ㣴Ṫ㨶ࡢᨺὶࡸ⮬↛⅏ᐖ➼࡛࡯ࡰ⤯⁛ࡋࡓࡇ࡜㸪Ᏻᐃⓗ࡞ಶయ⩌ࡣᮏㄪᰝỈ
ᇦࡢ࣓ࣥࣀࢶࣛ㇂࡜୕㔜┴ဨᘚᕝࡢ୕ᅜ㇂ࡔࡅ࡟Ꮡᅾࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ㸬
ࡓࡔࡋ㸪ဨᘚᕝࡢ࢖࣓࣡ࡣ༢⊂⏕ᜥᇦࢆᣢࡓࡎ࢔࣐ࢦ࡜ඹᏑࡋ࡚࠸ࡿࡇ࡜
㸦Kano et al., 2006㸧㸪2007ᖺ࡟ኳ↛グᛕ≀࡟ᣦᐃࡉࢀࡓᚋࡶ㐟⁺࡟㛤ᨺࡉࢀ࡚
࠸ࡿࡇ࡜㸦Kano et al., 2010㸧࠿ࡽ㸪㣴Ṫࡉࢀࡓ࢔࣐ࢦࡀ࢖࣓࣡⏕ᜥᇦ࡟ᨺὶࡉ
ࢀ㸪ᅾ᮶ࡢ࢔࣐ࢦࡸ࢖࣓࣡࡜஺㞧ࡍࡿ㸪ࡲࡓࡣ஺㞧ࡋࡓྍ⬟ᛶࢆ᤼㝖࡛ࡁ࡞࠸㸬
㣴Ṫ㨶࡜ࡢ஺㞧ࡀ㐍ࡵࡤ㸪ဨᘚᕝࡢ࢖࣓࣡࡜࢔࣐ࢦࡢ㑇ఏⓗ㛵ಀ㸪ࡉࡽ࡟ࡣ኱
㔝ᕝࡢ࢖࣓࣡࡜ࡢ㑇ఏⓗ㛵ಀࢆㄪ࡭ࡿࡇ࡜ࡣᴟࡵ࡚ᅔ㞴࡟࡞ࡿࡇ࡜࠿ࡽ㸪ဨᘚ
ᕝࡢ࢖࣓࣡ಶయ⩌ࡢ᪩ᛴ࡞㑇ఏⓗᵓ㐀ࡢㄪᰝ࡜බⓗ࡞⚗⁺ᥐ⨨ࡀᮃࡲࢀࡿ㸬
⤖ ㄽ
௨ୖࢆࡲ࡜ࡵࡿ࡜㸪➨ 2❶㸦ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬㸧࡜➨ 5❶㸦࢔࣐
ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀㸧ࡣ㸪ࡑࢀࡒࢀಶูࡢ⤖ᯝࢆ♧ࡋ࡞ࡀࡽ㸪➨ 3❶㸦࢔࣐
ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ㸧࡜➨ 4❶㸦࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝㸧࡛ぢࡽࢀ
ࡓୗὶഃỈᇦ࡟࠾ࡅࡿᾋୖ⛶㨶ࡢศᕸࡢไ㝈せᅉ࡜ࡋ࡚㸪ࡑࢀࡒࢀேⅭᨵኚࡢ
ᙳ㡪㸦➨ 2❶㸧࡜㣴Ṫ㨶ࡢᨺὶࡢᙳ㡪㸦➨ 5❶㸧ࢆ♧၀ࡍࡿᵓ㐀࡟࡞ࡗ࡚࠸ࡿ㸬
ࡋ࠿ࡋ㸪⌧᫬Ⅼ࡛ࡣ㸪ࡇࢀࡽࡀ┿࡟⮬↛෌⏕⏘ࡢไ㝈せᅉ࡛࠶ࡿ࠿ྰ࠿ࢆ᫂ࡽ
࠿࡟ࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿ㸬ࡑࢀࡣ㸪ẚ㍑ᑐ↷ࡍࡿ࡭ࡁ◁㜵ࢲ࣒ࡸᨺὶࡢᙳ㡪
ࡀ࡞࠸ἙᕝࡀᏑᅾࡋ࡞࠸ࡓࡵ࡛࠶ࡾ㸪ࡲࡓ㸪ࡑࢀࡽࡢᙳ㡪ࡀ⏕ࡌࡿ๓ࡢ⚄ཎᕝ
ࡸ⥴᪉ᕝࡢ≧ែࡀᐃ㔞ⓗ࡞᝟ሗ࡜ࡋ࡚ṧࡗ࡚࠸࡞࠸ࡓࡵ࡛ࡶ࠶ࡿ㸬ࡓࡔࡋ㸪ᐃ
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ᛶⓗ࡞᝟ሗ࡛ࡣ㸪ᮏㄪᰝỈᇦࡢ᭱ୗὶ㒊࡛࢔࣐ࢦࡢ⮬↛⏘༸ࡀ㢖⦾࡟ぢࡽࢀ࡚
࠸ࡓࡇ࡜࠿ࡽ㸪୧せᅉࡀఱࡽ࠿ࡢᝏᙳ㡪ࢆ୚࠼࡚࠸ࡿྍ⬟ᛶࡣྰᐃ࡛ࡁ࡞࠸㸬
௨ୖ࠿ࡽ㸪ᮏㄪᰝỈᇦࡢ࢔࣐ࢦಶయ⩌ࡢ⌧≧࡜ࡋ࡚௨ୗࡢ⤖ㄽࡀᚓࡽࢀࡓ㸬
1㸧⛣⾜ᖏࢆྵࡴୗὶഃỈᇦࡣ㸪ேⅭᨵኚࡢᝏᙳ㡪ࢆཷࡅ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿ㸬
2㸧࢔࣐ࢦ⏕ᜥᇦࡢ 7๭௨ୖࡣ㸪⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ࡟ྵࡲࢀࡿ㸬
3㸧࢔࣐ࢦࡢ⮬↛෌⏕⏘ࡣ⛣⾜ᖏࡼࡾୖὶ࡛Ⰻዲ㸪ࡑࡢୗὶ࡛ࡣపㄪ࡛࠶ࡿ㸬
4㸧ᅾ᮶࢔࣐ࢦಶయ⩌ࡣ⚄ཎᕝࡢ୍ྜ┠⁪ࡼࡾୖὶ࡜Ἴᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂
㸦࢖࣓࣡㸧࡟⏕ᜥࡋ࡚࠸ࡿ㸬
5㸧ࡲࢇࡾࡻ࠺㇂࡛ࡣ㸪ࣄ࣮ࣂࢳࡢ⁪ࡢୗὶഃࡣ࡯ࡰ㣴Ṫ㨶࡟࡯ࡰ⨨ࡁ᥮ࢃࡗ࡚
࠸ࡿࡀ㸪⁪ࡢୖὶഃ࡟ࡣᅾ᮶࢔࣐ࢦಶయ⩌ࡀ⏕ᜥࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿ㸬
6㸧⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ࡟ࡣ㠀ᅾ᮶ࡢ࢔࣐ࢦࡀ⏕ᜥࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿ㸬
 ࡇࢀࡽ࡟ᇶ࡙ࡁ㸪ಖ඲᪉ἲ㸦ࢰ࣮ࢽࣥࢢ⟶⌮㸧࡜ࡋ࡚௨ୗࡀᑟฟࡉࢀࡓ㸬
1㸧⚄ཎᕝࡢ୍ྜ┠⁪࠿ࡽୖὶ඲ᇦ࡟࠾࠸࡚㸪⁺ᴗ࡜㐟⁺࠾ࡼࡧᨺὶࢆ⚗Ṇ㸬
2㸧Ἴᮌྜᕝࡢ⌧⾜⚗⁺༊ࡢୖ㝈ࢆ᧔ᗫࡋ㸪ⓑỈᶫ࠿ࡽୖὶ඲ᇦ࡟࠾࠸࡚㸪⁺ᴗ
࡜㐟⁺࠾ࡼࡧᨺὶࢆ⚗Ṇ㸬
3㸧୧⚗⁺༊ࡼࡾୗὶഃ࡛ࡣ⁺ᴗ࡜㐟⁺࠾ࡼࡧᨺὶࢆྍ⬟࡜ࡍࡿ㸬
4㸧ࡓࡔࡋ㸪⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ࡛ࡣ㸪ேⅭᨵኚࡸᨺὶࡢᙳ㡪࡟ࡼࡾ࢔࣐ࢦ
ࡢ⮬↛෌⏕⏘ࡀ㜼ᐖࡉࢀ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࡓࡵ㸪ᾋୖ⛶㨶ࡢ⏕ᜥሙᡤᩚഛࡸ
ᨺὶࡢぢ┤ࡋ࡟ࡼࡾ㸪⮬↛෌⏕⏘ࡢಁ㐍ࢆヨࡳࡿᚲせࡀ࠶ࡿ㸬
 ➹⪅ࡽࡣ㸪ࡇࢀࡽࡢࢰ࣮ࢽࣥࢢ᱌ࡢᑟධࡢྍྰࢆ㸪ᆅඖఫẸ㸪኱㔝ᕝ⁺ᴗ༠
ྠ⤌ྜ㸪㐟⁺⪅㸪ᆅඖ⾜ᨻ㸦➉⏣ᕷ㸧➼࡛⤌⧊ࡋࡓጤဨ఍࡟࠾࠸࡚༠㆟ࡋࡓ㸬
༠㆟ෆᐜࡢヲ⣽ࡣᮌᮏ㸦2008㸧࡟ㆡࡿࡀ㸪⤖ㄽ࡜ࡋ࡚ࡇࢀࡽࡢ᱌ࡣཷࡅධࢀࡽ
ࢀࡓ㸬ࡇࡢ࠺ࡕ㸪1㸧ࡣ኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜࡢつ 㸦๎⁺ᴗᶒ⾜౑つ๎࡜㐟⁺つ๎㸧
ࡢ᪂タࢆ㸪2㸧ࡣ኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜࡢつ๎࡜኱ศ┴ࡢ⁺ᴗㄪᩚつ๎ࡢᨵṇ࣭᪂
タࢆᚲせ࡜ࡋࡓ㸬㛵ಀ⪅ࡢດຊ࡟ࡼࡾ㸪኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜࡢつ๎ࡣ 2008ᖺ 7
᭶ 23᪥௜㸪኱ศ┴ࡢ⁺ᴗㄪᩚつ๎ࡣ 2009ᖺ 10᭶ 16᪥௜࡛ኚ᭦ࡉࢀࡓ㸬
 ⌧ᅾ㸪ࡇࡢࡼ࠺࡟ࡋ࡚ᨵṇ࣭᪂タࡉࢀࡓ⁺ᴗ㛵㐃つ๎࡟ᇶ࡙ࡁ㸪኱㔝ᕝ࡟࠾
࠸࡚࢖࣓࣡ࢆྵࡴ࢔࣐ࢦࡢಖ඲ࡀᐇ᪋ࡉࢀ࡚࠸ࡿ㸦Fig. 6-1㸧㸬
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Fig. 6-1. A billboard notifing the fishing and stocking-prohibited area above Ichigome 
Falls of the Kohbaru Stream. This area was established in July 2008 on the basis of 
this study.
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せ ⣙
➨ 1❶ ㅖゝ
 ࢔࣐ࢦ Oncorhynchus masou ishikawaeࡣࢧࢣ⛉࡟ᒓࡍࡿ᪥ᮏᅛ᭷ࡢள✀࡛࠶
ࡾ㸪⚄ዉᕝ┴௨すࡢᮏᕞኴᖹὒᓊ㸪ᅄᅜ඲ᇦ㸪஑ᕞࡢ℩ᡞෆᾏὶධἙᕝ࡟⮬↛
ศᕸࡍࡿ㸬ศᕸ༡㝈ᇦ࡛࠶ࡿ஑ᕞ࡟ࡣἙᕝᆺಶయ⩌ࡔࡅࡀ⏕ᜥࡋ࡚࠸ࡿ㸬࢔࣐
ࢦࢆྵࡴᅾ᮶ࢧࢣ⛉㨶㢮࡛ࡣ㸪✀ⱑ⏕⏘ᢏ⾡ࡀ☜❧ࡉࢀࡓ 1970ᖺ௦௨㝆㸪࠾ࡶ
࡟㣴Ṫ㨶ࡢᨺὶ࡟ࡼࡗ࡚㈨※ࡢ⥔ᣢ࣭ቑṪࡀ࡞ࡉࢀ㸪ຠᯝࢆୖࡆ࡚ࡁࡓ㸬ࡋ࠿
ࡋ㏆ᖺ㸪ᨺὶࡉࢀࡓ㣴Ṫ㨶ࡀ㔝⏕ಶయ⩌ࡢ୰࡟㐺ᛂⓗ࡛࡞࠸㑇ఏᏊࢆὶධࡉࡏ㸪
␗⣔஺㓄ᙅໃࡸᒁᡤ㐺ᛂࡢᔂቯࢆࡶࡓࡽࡍྍ⬟ᛶࡀ᫂ࡽ࠿࡟ࡉࢀ࡚࠸ࡿ㸬ࡲࡓ㸪
㣴Ṫ㨶ࡢᨺὶࡀ㛗ᮇ࡟ࢃࡓࡾ⥅⥆ࡉࢀࡓ⤖ᯝ㸪࢔࣐ࢦࢆྵࡴᅜෆࡢἙᕝᛶࢧࢣ
⛉㨶㢮ࡢᅾ᮶ಶయ⩌ࡣ⤯⁛ࡢ༴ᶵ࡟࠶ࡾ㸪⮬↛⁪ࡸࢲ࣒࡛㝸㞳ࡉࢀࡓἙᕝ※ὶ
㒊ࡔࡅ࡟ṧᏑࡋ࡚࠸ࡿ㸬ࡇࡢࡼ࠺࡟㸪ᨺὶࡣ࢔࣐ࢦࢆྵࡴ㔝⏕ࡢἙᕝᛶࢧࢣ⛉
㨶㢮ࡢᏑ⥆࡟ᝏᙳ㡪ࢆ୚࠼ࡿྍ⬟ᛶࡀ㧗࠸ࡇ࡜࠿ࡽ㸪㛗ᮇⓗ࡞ಶయ⩌ࡢಖ඲ࡢ
ࡓࡵ࡟ࡣᐇ᪋ࡍ࡭ࡁ࡛࡞࠸ࡀ㸪⁺ᴗ࣭㐟⁺࡟ࡼࡿ▷ᮇⓗ࡞฼⏝ࡢࡓࡵ࡟ࡣᚲせ
࡛࠶ࡿ㸬㏆ᖺ㸪Ἑᕝᛶࢧࢣ⛉㨶㢮ࡢಖ඲࡜฼⏝ࡢ୧❧ࢆᅗࡿࡓࡵࡢ᪉ἲ࡜ࡋ࡚㸪
ᅾ᮶ಶయ⩌ࡢ⏕ᜥỈᇦ࡜⮬↛෌⏕⏘ࡢᐇែ࡟ᇶ࡙࠸࡚Ἑᕝࢆ༊ศࡋ㸪Ỉᇦࡈ࡜
࡟ᨺὶ࡜⁺ᴗ࣭㐟⁺⟶⌮ᡭἲࢆ౑࠸ศࡅࡿࢰ࣮ࢽࣥࢢࡀὀ┠ࡉࢀ࡚࠸ࡿ㸬ᮏ◊
✲࡛ࡣ㸪ᅾ᮶࢔࣐ࢦಶయ⩌ࡀ⏕ᜥࡍࡿྍ⬟ᛶࡢ㧗࠸኱ศ┴኱㔝ᕝỈ⣔⚄ཎᕝ࡜
ᨭὶἼᮌྜᕝࡢ୍㒊༊㛫࠾ࡼࡧ⚄ཎᕝࡀὶධࡍࡿ⥴᪉ᕝࡢୖὶഃ༊㛫ࢆㄪᰝᑐ
㇟Ỉᇦ࡜ࡋ࡚㸪ࢰ࣮ࢽࣥࢢ⟶⌮ࢆᑟධࡍࡿࡓࡵ࡟ᚲせ࡞▱ぢࢆᚓࡿࡓࡵ࡟㸪௨
ୗࡢ 4ࡘࡢㄪᰝࢆᐇ᪋ࡋࡓ㸬
➨ 2❶ ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬
 ኱㔝ᕝỈ⣔⥴᪉ᕝ࡜ᨭὶ⚄ཎᕝ࠾ࡼࡧἼᮌྜᕝ࡟⣙ 1 km࠾ࡁ࡟タࡅࡓ 15ࡢ
ㄪᰝⅬ࡟࠾࠸࡚㸪2003ᖺ 10᭶㸪2004ᖺ 2᭶࡜ 8᭶࡟⏕ᜥ㨶㢮ࡢ₯Ỉ┠どほᐹ
ࢆ⾜࠸㸪㨶㢮⩌㞟⤌ᡂࡢὶ⛬࡟ἢࡗࡓኚ໬ᵝᘧࢆㄪ࡭ࡓ㸬ࡍ࡭࡚ࡢㄪᰝ࡛ 4┠
7 ⛉ 14 ✀㸦ள✀ࢆྵࡴ㸧ࡀ☜ㄆࡉࢀ㸪⥲☜ㄆಶయᩘࡣ 18,015 ಶయ࡛࠶ࡗࡓ㸬
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㨶㢮⩌㞟ࡣ㸪ୖὶഃㄪᰝⅬࡢ࢔࣐ࢦ࡜ࢱ࢝ࣁࣖࡀඃ༨ࡍࡿ༢⣧࡞⤌ᡂ࠿ࡽ㸪ୗ
ὶഃㄪᰝⅬࡢ࢘ࢢ࢖ࡸ࣒࢝࣡ࢶ➼ࡢࢥ࢖⛉㨶㢮ࡀඃ༨ࡍࡿࡼࡾ」㞧࡞⤌ᡂ࡬࡜
᫂☜࡟⛣⾜ࡋࡓ㸬ከኚ㔞ゎᯒࡢ⤖ᯝ㸪15ࡢㄪᰝⅬࡣ࢔࣐ࢦ࡜ࢱ࢝ࣁࣖࡀඃ༨ࡍ
ࡿୖὶഃㄪᰝⅬ㸦ᶆ㧗 415–820 m㸧㸪࢘ࢢ࢖㸪࣒࢝࣡ࢶ㸪ࢱ࢝ࣁࣖࡀඃ༨ࡍࡿ⛣
⾜ᖏࡢㄪᰝⅬ㸦260–397 m㸧࠾ࡼࡧࢥ࢖⛉㨶㢮࡜ࣚࢩࣀ࣎ࣜ㢮ࡀඃ༨ࡍࡿୗὶ
ഃㄪᰝⅬ㸦232–255 m㸧ࡢ 3 ࡘࡢࢢ࣮ࣝࣉ࡟ศ㢮ࡉࢀࡓ㸬ࡉࡽ࡟㸪ࡇࢀࡽࡢ⩌
㞟⤌ᡂࡢኚ໬ᵝᘧࡣ㸪ㄪᰝỈᇦࡢὶ⛬㸦16.3 km㸧࡟ἢࡗ࡚༢ㄪ࡞ኚ໬ࢆ♧ࡍ 6
ࡘࡢ⎔ቃኚ㔞㸦Ἑᕝᙧែᆺ㸪ᶆ㧗㸪Ἑᗋ໙㓄㸪ᖹᆒỈ㠃ᖜ㸪ὶ㔞࠾ࡼࡧ᪥ᖹᆒ
᭱పỈ 㸧࡜᭷ព࡟┦㛵ࡋ࡚࠸ࡓࡇ࡜࠿ࡽ㸪ὶ⛬࡟ἢࡗࡓ⎔ቃ໙㓄࡟኱ࡁࡃつ
ᐃࡉࢀࡿࡶࡢ࡜⪃࠼ࡽࢀࡓ㸬୍᪉㸪ࢥ࢖⛉㨶㢮㸪≉࡟ࢱ࢝ࣁࣖࡢಶయ⩌ᐦᗘࡣ
ὶ⛬࡟ἢࡗࡓ༢ㄪ࡞ኚ໬ࢆ♧ࡉࡎ㸪◁㜵ሖሐୗὶഃࡢ⛣⾜ᖏ࡛ῶᑡࡋ࡚࠸ࡓ㸬
ࡇ࠺ࡋࡓ㨶✀ูࡢಶయ⩌ᐦᗘࡢኚ໬ࡣ㸪ேⅭᨵኚ࡟ࡼࡿ⏕ᜥ⎔ቃࡢᝏ໬ࢆྵࡴ㸪
ࡼࡾᑠࡉ࡞✵㛫ࢫࢣ࣮ࣝࡢ⎔ቃせᅉ࡟つᐃࡉࢀࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬
➨ 3❶ ࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศᕸ
 ኱㔝ᕝỈ⣔⥴᪉ᕝ࡜ᨭὶ⚄ཎᕝ࡟タࡅࡓ 14ࡢㄪᰝ༊㛫㸦⥲ᘏ㛗 16.3 km㸧࡟
࠾࠸࡚㸪2005ᖺ 1–4᭶࡟ 2ᅇ㸦11–32᪥㛫㝸㸧ࡢ₯Ỉ┠どほᐹࢆ⾜࠸㸪࢔࣐ࢦ
ᾋୖ⛶㨶ࡢὶ⛬ศᕸࢆㄪ࡭ࡓ㸬ᾋୖ⛶㨶ࡢಶయ⩌ᐦᗘࡣୖὶഃࡢ 4ㄪᰝ༊㛫࡛
㧗࠿ࡗࡓࡀୗὶഃ 6ㄪᰝ༊㛫࡛ࡣⴭࡋࡃపࡃ㸪ὶ⛬ศᕸࡢ೫ࡾࡣ 2ᅇࡢㄪᰝࢆ
㏻ࡌ࡚ኚ໬ࡋ࡞࠿ࡗࡓ㸬ࡲࡓ㸪2003ᖺ 10᭶㸪2004ᖺ 2᭶࠾ࡼࡧ 8᭶࡟ㄪ࡭ࡓ
ᗂ㨶ᮇ௨㝆ࡢಶయ⩌ᐦᗘࡶୖὶഃ࡛㧗ࡃ㸪Ꮨ⠇ࡈ࡜࡟᭷ព࡞┦㛵ࢆ♧ࡋࡓ㸬ࡉ
ࡽ࡟㸪2005ᖺ 1–4᭶࡟࠾ࡅࡿᾋୖ⛶㨶ࡢಶయ⩌ᐦᗘ࡜㸪2004ᖺ 8᭶࡟࠾ࡅࡿᗂ
㨶ᮇ௨㝆ࡢಶయ⩌ᐦᗘࡣ᭷ព࡞┦㛵ࢆ♧ࡋࡓ㸬ࡇࢀࡽࡢ⤖ᯝ࡜㸪᪤ሗࡀᣦ᦬ࡍ
ࡿ࢔࣐ࢦࡢἙᕝᆺಶయ⩌࡟࠾ࡅࡿ⏕άሙᡤ࡜⏘༸ሙᡤࡢ㏆᥋ࢆ⪃៖ࡍࡿ࡜㸪஑
ᕞࡢἙᕝୖὶᇦ࡛ࡣ㸪࢔࣐ࢦᾋୖ⛶㨶ࡣᑡ࡞ࡃ࡜ࡶ⣙ 1࠿᭶㛫㸪⏘༸ᗋ௜㏆࡟
␃ࡲࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬
➨ 4❶ ࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝
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 ࢔࣐ࢦ⏕ᜥᇦࡢୗὶഃ࡛࠶ࡿ኱㔝ᕝỈ⣔⥴᪉ᕝࡢ 1.4 km༊㛫࡟࠾࠸࡚㸪ὶ㊰
༢఩ࢫࢣ࣮ࣝ࡟࠾ࡅࡿᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝ᵝᘧࢆㄪ࡭ࡓ㸬2007–2009 ᖺࡢ
1–3᭶࡟ࡑࢀࡒࢀ 11㸪3㸪5ᅇࡢ₯Ỉ┠どほᐹࢆ⾜࠸㸪㐃⥆ࡋࡓ 56༊⏬㸦ྛ 25 m㸧
ࡢ୧ᓊ࡟ἢࡗ࡚ᾋୖ⛶㨶ᩘࢆィᩘࡍࡿ࡜࡜ࡶ࡟㸪ྛ༊⏬ࡢ⎔ቃኚ㔞㸦ὶ㊰༢఩
ࢱ࢖ࣉ㸪⏘༸ᗋ࠿ࡽࡢ㊥㞳㸪ᕝᖜỈ῝ẚ࠾ࡼࡧᕥྑᓊࡢỈ῝㸪ὶ㏿㸪᳜ ⏕⿕ᗘ㸧
ࢆ ᐃࡋࡓ㸬ᾋୖ⛶㨶ᩘࡣ㸪᪩℩࿘㎶ࡢὶ㊰༢఩ࢱ࢖ࣉ࡜᭷ព࡞ṇࡢ┦㛵㸪ἢ
ᓊỈ῝࠾ࡼࡧ⏘༸ᗋ࠿ࡽࡢ㊥㞳࡜᭷ព࡞㈇ࡢ┦㛵ࢆ♧ࡋࡓ㸬ࡇࡢ࠺ࡕ㸪᪩℩࿘
㎶ࡢὶ㊰༢఩ࢱ࢖ࣉࢆ฼⏝ࡍࡿഴྥࡣୗὶഃỈᇦ࡟≉᭷࡛࠶ࡗࡓ㸬ࡇࢀࡣ㸪ᾋ
ୖ⛶㨶࡟㧗࠸࢚ࢿࣝࢠ࣮ຠ⋡ࢆࡶࡓࡽࡍዲ㐺࡞ᚤ⏕ᜥሙᡤ㸦㏿࠸ὶࢀ࡟㏆࠸⦆
ὶ㒊ศ㸧ࡀ㸪ୖὶഃ࡛ࡣ㐢ᅾࡍࡿࡀ㸪ୗὶഃ࡛ࡣ᪩℩௜㏆࡟ᒁᅾࡍࡿࡓࡵ࡜⪃
࠼ࡽࢀࡿ㸬୍᪉㸪ὶ㊰༢఩ࢫࢣ࣮࡛ࣝࡇࢀࡽࡢ᮲௳ࡀ‶ࡓࡉࢀ࡚࠸࡚ࡶ㸪ᚤ⏕
ᜥሙᡤࢫࢣ࣮ࣝࡢ⎔ቃ᮲௳ࡀ୙༑ศ࡞ሙᡤ࡛ࡣ㸪ᾋୖ⛶㨶ࡀୗὶ᪉ྥ࡟⛣ືࡍ
ࡿྍ⬟ᛶࡀ♧ࡉࢀࡓ㸬௨ୖࡢࡇ࡜࠿ࡽ㸪࢔࣐ࢦ⏕ᜥᇦୗὶഃ࡟࠾࠸࡚ᾋୖ⛶㨶
ࡢಖ඲ࡸቑṪࢆᅗࡿࡓࡵ࡟ࡣ㸪᪩℩࿘㎶ࡢὶ㊰༢఩ࢱ࢖ࣉࡢෆ㒊࡟ዲ㐺࡞ᚤ⏕
ᜥሙᡤࢆᩚഛࡍࡿࡇ࡜㸪⎔ቃ཰ᐜຊ࡜⛶㨶ࡢቑṪ㔞ࡢࣂࣛࣥࢫࢆ⪃៖ࡍࡿࡇ࡜
ࡀ㔜せ࡜⪃࠼ࡽࢀࡿ㸬
➨ 5❶ ࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ㐀
 ኱㔝ᕝỈ⣔ᨭὶ⚄ཎᕝࡢ᭱ୖὶ㒊࡟⏕ᜥࡍࡿ࢔࣐ࢦࡢ 3㝸㞳ಶయ⩌㸦↓ᩬᆺ
ࡢ࢖࣓࣡ࢆྵࡴ㸧ࢆಖ඲ࡍࡿࡓࡵ㸪mtDNAࢆ⏝࠸࡚㑇ఏⓗᵓ㐀ࢆㄪ࡭ࡓࠋ⚄ཎ
ᕝᨭὶἼᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂࡟ࡣ࢖࣓࣡ࡀ⏕ᜥࡋ㸪㞄᥋ࡍࡿࡲࢇࡾࡻ࠺㇂ࡢ
࢔࣐ࢦ࡜࡜ࡶ࡟⏕ᜥᇦࡢ኱㒊ศࡀ⚗⁺࡛࠶ࡿࡀ㸪ᚋ⪅࡛ࡣ 1990ᖺ௦࡟⚗⁺༊ࡢ
ୖὶഃ࡛㠀බᘧ࡞㣴Ṫ㨶ࡢᨺὶࡀ⾜ࢃࢀࡓ࡜ࡢ᝟ሗࡀ࠶ࡿ㸬୍᪉㸪⚄ཎᕝ※ὶ
㒊ࡣ㛤ᨺࡉࢀ࡚࠸ࡿࡀ㸪ࡇࢀࡲ࡛኱㔝ᕝ⁺ᴗ༠ྠ⤌ྜ࡟ࡼࡿබᘧ࡞ᨺὶグ㘓ࡣ
࡞࠸ࠋᚓࡽࢀࡓ 11✀㢮ࡢࣁࣉࣟࢱ࢖ࣉࡢ࠺ࡕ Hap-1ࡣ㸪ࡍ࡭࡚ࡢ㝸㞳ಶయ⩌࡟
ぢࡽࢀ㸪࢖࣓࡛࣡ᅛᐃ㸦100%㸧㸪⚄ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦ࡛ඃ༨㸦90.5%㸧ࡋࡓ࡯
࠿㸪⚄ཎᕝ඲య࡛᥇㞟ࡋࡓ࢔࣐ࢦᾋୖ⛶㨶࡛ࡶඃ༨ࡋ࡚࠸ࡓ㸦62.8%㸧ࠋ୍᪉㸪
ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦ࡛ࡣ Hap-1ࡣᑡ࡞ࡃ㸦10.0%㸧㸪㐣ཤ࡟ᨺὶࡉࢀࡓ࡜᥎ᐃ
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ࡉࢀࡿ㣴㨶ሙࡢ࢔࣐ࢦࡢࣁࣉࣟࢱ࢖ࣉࡀඃ༨㸦70%㸧ࡋ࡚࠸ࡓ㸬ࡇࢀࡽࡢ㑇ఏ
ⓗᵓ㐀࡜࢖࣓࣡ಶయ⩌ࡢ⌧ᅾࡲ࡛ࡢᏑ⥆ࢆ⪃៖ࡍࡿ࡜㸪࣓ࣥࣀࢶࣛ㇂ࡢ࢖࣓࣡
࡜⚄ཎᕝ※ὶ㒊ࡢ࢔࣐ࢦࡣᅾ᮶ಶయ⩌࡛࠶ࡿࡀ㸪ࡲࢇࡾࡻ࠺㇂ࡢ࢔࣐ࢦࡣ⚗⁺
༊ࡢୖὶഃ࡛ᨺὶࡉࢀࡓ㣴Ṫ㨶࡟࡯ࡰ⨨᥮ࡉࢀࡓ࡜᥎ ࡉࢀࡓࠋࡇࢀࡽ࡟ᇶ࡙
࠸࡚ 3㝸㞳ಶయ⩌ྛࠎࢆ༢఩࡜ࡍࡿಖ඲᱌ࢆసᡂࡋ㸪⁺ᴗ㛵㐃つ๎ࢆᨵṇࡋࡓࠋ
➨ 6❶ ⥲ྜ⪃ᐹ
 ➨ 2❶㸦ὶ⛬࡟ἢࡗࡓ㨶㢮⩌㞟ࡢኚ໬㸧࡜➨ 5❶㸦࢔࣐ࢦಶయ⩌ࡢ㑇ఏⓗᵓ
㐀㸧ࡣ㸪ࡑࢀࡒࢀಶูࡢ⤖ᯝࢆ♧ࡋ࡞ࡀࡽ㸪➨ 3❶㸦࢔࣐ࢦᾋୖ⛶㨶ࡢὶ⛬ศ
ᕸ㸧࡜➨ 4❶㸦࢔࣐ࢦᾋୖ⛶㨶ࡢ⏕ᜥሙᡤ฼⏝㸧࡛ぢࡽࢀࡓୗὶഃỈᇦ࡟࠾ࡅ
ࡿᾋୖ⛶㨶ࡢศᕸࡢไ㝈せᅉ࡜ࡋ࡚㸪ࡑࢀࡒࢀேⅭᨵኚࡢᙳ㡪㸦➨ 2❶㸧࡜㣴
Ṫ㨶ࡢᨺὶࡢᙳ㡪㸦➨ 5❶㸧ࢆ♧၀ࡋ࡚࠸ࡿ㸬ྛ❶ࡢ⤖ᯝ࠿ࡽ㸪ᮏㄪᰝỈᇦࡢ
࢔࣐ࢦಶయ⩌ࡢ⌧≧࡜ࡋ࡚௨ୗࡢ⤖ㄽࡀᚓࡽࢀࡓ㸹1㸧⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ
ࡣ㸪ேⅭᨵኚࡢᝏᙳ㡪ࢆཷࡅ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿ㸬2㸧࢔࣐ࢦ⏕ᜥᇦࡢ 7๭௨ୖ
ࡣ⛣⾜ᖏࢆྵࡴୗὶഃỈᇦ࡟ྵࡲࢀࡿ㸬3㸧࢔࣐ࢦࡢ⮬↛෌⏕⏘ࡣ⛣⾜ᖏࡼࡾୖ
ὶ࡛Ⰻዲ㸪ࡑࡢୗὶ࡛ࡣపㄪ࡛࠶ࡿ㸬4㸧ᅾ᮶࢔࣐ࢦಶయ⩌ࡣ⚄ཎᕝࡢ୍ྜ┠⁪
ࡼࡾୖὶ࡜Ἴᮌྜᕝࡢ࣓ࣥࣀࢶࣛ㇂㸦࢖࣓࣡㸧࡟⏕ᜥࡋ࡚࠸ࡿ㸬5㸧ࡲࢇࡾࡻ࠺
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